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TRANSLATOR'S PREFACE. 



The study of the physical sciences has become of ] 

almost universal ; partly because it has been found \ 

suited to cultivate halnts of observation and reasoni 

which cannot fail to be of use in the business of life, i 

partly because the practical application of scientific pi 

ciples to the details of almost every department of ma: 

facturing and agricultural industry, has rendered sc 

acquaintance with natural philosophy and chemistry inc 

pensable. Instruction in these branches of knowlei 

now forms part of the education given to most boys 

school : to meet their requirements so many treatises h 

I already been published, that to add to the number n 

j> seem a mark of presumption. To this objection 

\ translator was not altogether insensible whilst prepar 

\ the present Text-book for the press ; he believes, howe^ 

I that on examination it will be found that the man 

now offered to the public occupies ground not taken up 

any existing treatise on Natural Philosophy, for the wo 

on this science in our language are, almost without < 

eeption, either purely theoretical^ or they are, in the strict 

sense of the term, popular. 

The present work is of a mixed character, bein^ 
systematic treatise, adapted for the use of schools^ excli 
ing difficult mathematics^ but retaining the mathemati 
method. It contains many numerical illustrations 
ezerdse the student -in the application of the formu 
besides copious tables, nvhich will give it a value to 
practical man. The foreign measures have, for the m 
party been reduced to English standards, and a few nc 
have been added to the ori^nal matteT. * 
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ice to the iilioniB ot our own language, 
. Id brackets the additionB which he 1 
ir three instances to the original texL 
to page 343., he has substituted themett 

and III t trow for the barometric mea 
jes for that of the author, which was h 
i than theirs, and also too long for thi 

be afforded for it in the translation, 
p have been added, either explanatory of 
e eake of giving the opinions of eminent ] 

these httve not altogether coincided wi 
ir advances. 

le Second and concluding Part, contuninf 
ipondcrable Bodies, ia in preparation. 
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INTRODUCTION. 



Thi term Nature is used to signify the assemblage of all the 
bodies of the Universe ; it includes, therefore, whatever exists and 
is the subject of change. Of the existence of these bodies we are 
rendered conscious by the impressions they produce on our^senses; 
we are further aware that the condition of these bodies is subject 
to a variety of changes, whence we infer that external causes are 
in operation which bring about these alterations. 

llie object of Fhystcei Seience is, therefore, to investigate nature 
under these two a^ects. That branch of it whose end is to di»> 
cover what is charact^istic of different bodies, in order to arrange 
or classify them, is called Natural History ; the range, however, 
of this division must be understood as being limited to the changes 
which organised bodies undergo during life. That portion of 
natural science which is called Phyaia comprehends an enquiry 
into the causes which excite the changes that take place in the 
material world, and into the laws by which these changes are 
rcigulated. 

All material bodies may be distributed into three principal 
classes, viz. unorganised (or inanimate), organised (or animated), 
and the heavenly bodies (or primary organisations). 

The unorganised or inanimate bodies, as minerals, water, air, 
&C., form the lowest class, and are, so to speak, the substratum 
for the others. These bodies are acted on solely by forces ex- 
ternal to themselves : they have no definite or perioidical duration ; 
iMithing that can properly be termed life. 

The organised or animated bodies are more or less perfect indi- 
viduals, composed of different parts or organs, adapted to discharge 
certain appromiate functions. In consequence of an innate pro- 
perty peculia? to them, known as vitality, bodies of this class are 
constantly appropriating to themselves unorganised matter, 
changing ita-properties, and deriving, by means of this process, 
an increas^ti their bulk ; they also possess the &culty of repro- 
duction. These bodies retain only for a certain time this vital 
principle, by which they thus curiously combine unorganised matter 
wiOi themselves; when life is extinct the 'w^o\& \^iCM«ea ««Me^ 
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produced, and all those external changes which leave the tubetanee 
of the body unaffected. 

Chemittfyf on the contrary, treats of the individual properties 
of bodies, by which, as regards their material constitution, they 
may be distinguished one from another ; it also investigates the 
transformations which take place in the interior of a body, trans- 
formations by which the very substance of the body is altered 
and remodelled ; and, lastly, its aim is to detect those laws by 
which chemieal changes are regulated. That division of this 
science which has for its object the resolution of bodies, and the 
investigation of their elements, is called analytical chemistry ; syn- 
Aetieal chemistry, on the contrary, by varied combinations of their 
elements, teaches us which are similar substances ; and lastly, 
tUehiometry shows the precision with which chemical combinations 
are formed in certain definite proportions by weight and volume. 

Natural History is that branch of physical science which treats 
of organised bodies ; it comprises three divisions, one mechanical 
— the anatomy or dissection of plants and animals ; the second, 
ehemieal — animal and vegetable chemistry— and the third, PAy- 
eietogy, which is explanatory. 

Astronomy, like all the other natural sciences, admits of subdi- 
vision into theoretical, descriptive, and physical astronomy ; the first 
deduces the laws according to which the heavenly bodies move, 
the influence they exert on each other, &c. ; the second describes 
the results of these discoveries ; whilst the ^ast applies to these 
bodies the general laws of physics. 

Again, one most important use of natural science is the appli- 
cation of its laws either to technical purposes — mechanics, technical 
diemistry, pharmacy, &c. — to the phenomena of the heavenly 
bodies — physical astronomy — or to the various objects which 
present themselves to our notice at or near the surface of the 
earth — physical geography, meteorology — and we may add geology 
also, a science which has for its object to unfold the history of 
our planet from its formation to the present time. 

Natural philosophy is a science of observation and experiment, 
for by these two modes we deduce the varied information we have 
acquired about material bodies: by the former we notice any 
changes that transpire in the condition or relations of any body as 
they spontaneously arise without interference on our part ; whereas, 
in the performance of an experiment, we purposely alter the natu- 
ral arrangement of things to bring about some particular condition 
that we desire. To accomplish this, we make use of appliances 
called philosophical or chemical apparatus, the proper use and appli- 
cation of which it is the office of Experimented Physics to teach. 

If we notice that in winter water becomes converted into 
ice, we are said to make an observation: if, by means oi 
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^^ iK>ii.^8seiit]al properties of bodis arc: tnmpranbuiiy, 
^^UibiUty, poroniy, divisibUUf^ eimatieit^ mad fnmHy. 

^prembilUy is that propcrtj of bodies bj virtiie of vhidt 

tbey inay be made to occup j a smalW space ; mad €,rpmnmt\^vtf es 

u^t in consequenee of vhwfa tfacj maj be made to fill a bvger, 

without in either case altering the qnantitj of matter tbey 

contain. 

Both these changes are produced in all bodies, as ve shall «e 
presently, by the action of beat ; manj bodies mar also be re- 
duced in bulk bj other external caoses, as prcsnare, percnssifCMU 
&C. — Rolling, hammering, and stamping of m<'taisp 

%*■ 

Since all bodies admit of compression and expansion, it follows 
€3i necessity that there must be interstices between their minutest 
particles. 

That property of matter, in consequence of which it does not 
completely fill the space bodies occupy, but leaTCs holes between 
their particles, is called poronty ; these pom are themseUes filled 
with other matter, commonly with atmospheric air. In many 
cases the pores are perceptible by the naked eye ; in others, by 
the aid of the magnifying glass, and eren when by this means 
they cannot be rendered Tisible, their existence may be inferred 
from experiments. 

Sponge, cork, wood, bread, &c., are bodies whose pores 
may be noticed by the naked eye. The human skin appears 
full of them when viewed through a magnifying glass : the 
porosity of water is shown by the ascent of air-bubbles when 
its temperature is raised. 

Exp, Pour some quicksilver into a piece of leather, press 
it, and there will be a fine metallic shower, proving the 
porosity of this animal substance. 

The mass and density of bodies are estimated according to their 
various degrees of porosity. The mass represents the number of 
material particles in a body *. the greater the mass, the less porous 
the substance will be. Density, on the contrary, expresses the 
relation of the masses when the volumes are equal : t. e. " of two 
bodies thai is the more dense, which with eqtud bulk contains the 
greater mass.*' 

1 ) Let one body A have a density D and a mass INI, and 
another body B of equal volume the density d, and the 
mass m ; then D : </ : : M : m. 

2) Two bodies, A and B, whose volumes are V and v ; 
then D : d :: V : V 
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...w aivisibility of bodies is t* 
which, by various mechanical mca 
grinding, &c., we can reduce thei 
each other, and to the entire mai 
and so on. 

The mathematical divisibility of 
infinitum ; though its division, by m 
limitation. Many examples, howeve 
ried on to an incredible extent : we a 
instances among natural objects, who 
only by means of the most acute se 
these with artificial aids ; the size of i 
late only approximately. 

1 ) Mechanical subdivisions for pu 
arts, are ex. pr. the grinding of cor 
phur, charcoal, and saltpetre, for 
powder, &c. — Homaeopathy affbrdi 
ably extended application of this pi 

2) Dioisibility of metals. — Somt 
and silver, are susceptible of a vt 
the common gold lace, the silver tl 
posed is covered with gold so attei 
contained in a foot of the thread \ 
grain. An inch of such thread w 
of a grain of gold ; and if the inch 
parts, each of which would b** -^' 
the quantity of **^ 
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^I^^^^T, will appear 500 times longer,* and the gold corering 
^^U be yisible, having been divided into 3,600,000,000 
F^^s* each of which exhibits all the characteristics of this 
^^ its colour, density, &c 

^) DwUibiiibf qf eolonKring matter. <-- Djes are likewise si:s- 
^Ptible of an incredible divisibility. With 1 grain of blue 
^^mine 10 lbs. of water may be tinged Uue. These 10 lbs. 
^^ Water contain about 617,000 ditqis. Supposing now, that 
'*^ Co particles of carmine are required in each drop to produce 
^ uniform tint, it fcAlown that this one grain of carmine has 
^^cen subdivided 62 millions of times. 

4) AGnntemeu of organised bodies and parts of bodies. — 
^^ccording to Biot, the thread by which a spider lets herself 
^^wn is composed of more than 6000 single threads. The 
Single threads of the silkworm are also of an extreme fineness. 
Our blood, which appears like a uniform red mass, con- 
sists of small red globules swimming in a transparent fluid 
^sailed serum. The diameter of one of these globules does 
^ot exceed the 4000th part of an inch ; whence it follows 
^hat one drop of blood, such as would hang from the point 
«f a needle, contains at least one million of these globules. 

But more surprising than all is the microcosm of organised 
nature in the Infusoria, for a more exact acquaintance with 
vrbich we are indebted to the unwearied researches of Ebren- 
berg. Of these creatures, which for the most part we can 
see only by the aid of the microscope, there exist many spe- 
cies so small that millions piled on each other would not 
equal a single grain of sand, and thousands might swim at 
once through tne eye of the finest needle. The coats-of-mail 
and shells of these animalcules exist in such prodigious quan- 
tities on our earth that, according to Ehrenberg's investiga- 
tions, pretty extensive strata of rocks, as, for instance, the 
smooth slate near Bilin, in Bohemia, consist almost entirely 
of them. By microscopic measurements I cubic line of this 
slate contains about 23 millions, and 1 cubic inch about 41,000 
millions of these animals. As a cubic inch of this slate weighs 
220 grains, 187 millions of these shells must go to a grain, 
each of which would consequently weigh about the -j^ mil- 
lionth part of a grain. Conceive further that each of these 
animalcules, as microscopic investigations have proved, has 
his limbs, entrails, &c., the possibility vanishes of our forming 
the most remote conception of the dimensions of these or- 
ganic forms. 

5) Dimsibility of odorous matter, — In cases where our 
finest instruments are unable to render us the least aid in 
estimating the minuteness of bodies, oi the de^ee oi %\i\^^\sv- 
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original ftirm and volume. Perfectly t 
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imeCljT cxpcrimcoit ulnitnlcs tnis sKt wini rcgsra 
^^ anrifi ym y and bfismiith. 

^ SSecoMi J?jr|>. Flaee a little antnnony and Incimith on a 
piece of duveoal, so that the mam when melted chall be 
>bottt the size of a p e pp ercorn ; raise it br meant of a bknr. 
pipe to a white heat, aiid then torn the ball on a dieet of 
paper so folded as to hare a raised edge all round. As soon 
as the liquid metal falls, it dirides itself into manr minote 
globules, whidi hop about upon the paper and eontinoe 
▼isible for some time, as thej eool but slowlr ; the points 
at which they strike the paper, and their course upon it, vill 
be marked bj black dots and lines. 

The recoil of cannon-balls is owing to the elasticity of the 
iron and that of the bodies struck by them. 

§7. 

And lastly, GrtuUg is evidently a property common to all 
terrestrial bodies, since they constantly exhibit a tendency to 
approach the earth aftd its centre. In consequence of this 
tendency, all bodies, unless supported, fiill to the sur&ce of the 
earth, and if prevented by any other bodies from doing so, they 
exert a pressure on these latter. 

This is one of the most important properties of terrestrial 
bodies, and the cause of many phenomena, of which a fuller 
explanation will be given presently. 

H. FHTSICAL FORCES TS GE?f£BAI^ 

§8- 

''Whatever we observe as causing a body to exist under certain 
conditions, or whatever changes any of its relations, is called 
Force, 

The nature of these unseen causes we are ignorant of; we 
know of their existence only by the effects they produce, and 
with these we become acquainted solely through the medium of 
our senses. Hence whilst their operations are going on they 
appear to us always in connexion with something material, which, 
in one way or other, affects our senses. 

§9- 

We shall find, though not always upon a superficial inspection, 
that the approaching and receding of bodies, or their component 
parts, is the basis of all those results produced by the various 
pbrneaJ £brce8 that come under our notice. li\ olVvex viox^ 
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MOLKCUUkft ATTUkCTIOS; AfOXS, 

data, deriviDg their origin fitom the Dtaxj at tbe T:r%f. Casf*. 
and consider their innate attracCiTe and rcp«uii«e fever £» a 
necessary condition to their combinafiop m IwCJM. Tbe 
main features of this hypothesis are horrovcd frvB Ariilfocie. 
inasmuch as he supposed the basb of aD bodies to be the ftxx 
elements known to the ancients, the particks of which, 
endued with certain powers, constituted bodiev — Accovdieg 
to Ampere, all bodies consist of equal partiries, and tbeie 
. again of molecules that up to a certain dis:acce attract each 
other. Their distance lirom each other be Mzppoied to b 
regulated by the intensity of the attractire and rvpui«iYe 
forces of their matter, partly by the repulwio arising from 
the undulations of an ether within them, and partly by the 
attraction which is directly as the mau and inrenely a» the 
square of the distance. And lastly, the%e molecules cor^Ia 
of atoms held together by their attractiTe and rcpulUve 
forces, the latter of which preponderates To whaterer body 
the molecules belong, they are inrariably hard and poly- 
edrons in figure. Mechanical force separates only the par- 
ticles ; the force generated by the undulations of the atoms 
may resolve the compound molecules into more Mmple ones ; 
but chemical agents alone can still fiuther re^olre these into 
atoms. According to Poisson, all pcmderable bodies conf^ist 
of extremely small molecules, combined by attraction with 
heat, electrical and magnetic matter. Very little heat exists 
in the interstices between the molecules, the greater quantity 
is therefore attached to them, for which reason the efflcts of 
the caloric seem to proceed immediately from them. The 
molecules attract each other and attract heat, whilst this last 
principle is repulsive to itself and both forces diminbh so 
rapidly as the distance of the molecules increases, that they 
become quite inappreciable at any distance that we can ob- 
serve. The molecules, however, are so small that the dis- 
tance, at which a diminution in the forces takes place, is 
always a multiple of its diameter, and consequently an in- 
calculable number of such molecules is conflicting at the 
same time with each one of these forces. The two forces do 
not follow the same laws with regard to their decrease by 
distance : there is, however, a certain point at which a stable 
equilibrium obtains between them. 

§13. 

Consequently, according to this assumption, the molecular 
arces are the effective causes which hold together the particles 
f bodies. Through them the atoms (molecules) approach to a 
ertain distance, where they gain a fixed and unaLleiahW ^ositlou 
ritb respect to each other. 
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...vie are three cases, viz. two ( 
extreme is that in which att 
atoms ; this produces the solk 
prevails, and the gaseous form 
obtains when ^either of these fo\ 
presents itself to us under the liq 
Let A represent the attra 
the three aggregate forms ma 
formulae : 

A>Rs 

A<Rg 

A=.Rli 

These three forms or conditions 
part be readily distinguished by ct 
there are, however, especially betwee 
imperceptible degrees of approxim 
difficult to decide where the one for 
It is further an ascertained fact that 
as for instance water, are capable of 
of aggregation. 

Thus, supposing that the relative 
forces determines these three form 
what has been said above, that this 
body. 

The peculiar properties belonging 
be explained presently, when —•* 
come severally un''-' 
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IV. OF OBATITATIOH OT QEXEMAL, 

The prineipai external ftrtn^ m, those of graeitmium, mre th» 
^ttolt of the matcud aetioa of the mastet of bodies throu|^ is- 
Mnrrening space. 

A distinctioa is nude between the gnrritation of the eclestia] 
bodies, or univenal gracUaHom^ L e. the pheoooaena ansing from 
the mutual action of those lai^ bodies oo eaeh other and the 
gnmtadon of oar earth, or temttriai yrarUw^ u e. the phenomena 
whidi must be attributed to the mutual operation of terrestrial 
o^^ets ; in other worda^ the effects which the earth produces on 

sQ bodies forming with itself one whole. 
Both these species of graritation are diq>]ayed in the approadi 

ud receding of bodies in spaee ; or, expressing otherwise the same 

idea, they both generate MotUm. 



SECTION II. 

I. or MOTIOH IN GEXEBAI. 



§16. 

^ Moiitm of any body is its change ot place. Rett, on the 
^2*itnry, is the state when a body occupies the same place. — 
Motion reigns throughout Nature, and probably absolute rest is 
'^^'^lere to be found in the universe. 

Apparent Motion and ReaL — To a person on board a swift- 
niling vessel, objects on shore seem to be moving in a 
direction contrary to that in which the ship is going; a 
similar appearance is presented by the trees on a road-side to 
ft person travelling rapidly along the road.— The apparent 
motion of the sun and the apparent rest of the earth. 

§17. 

fk^ ^use must always exist for motion, as being an alteration in 

^ state of a body (§ 8.) ; during the motion a certain time must 

****^^arily elapse ; and lastly, the moving body must pass over a 

'•'tain distance in a definite direction, which will depend on the 

2^ of its motion. The chief points to be TegaT<i^ "^^^ U\^t«!* 
""Pie — 
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To the former class beU 
they are gravity both univc 
Secondary motive powers, 
in their effects, as, ear. pr,, hi 
wind and water-mills — by e^ 
force of expansion, as the coi 
the syringe of a fire-engine, & 
the effects of steam, and gun 
animal power, whether of men 
For the best established 
forces, see Table J. ; the 
furnish those of the pressu 
upon heat will give informa\ 
Forces, with regard to the dun 
into momentary and permanent, 
for an instant on the body set in m< 
continue in operation for some gi' 
Forces which act according to t 
whilst such as follow different law 
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PAKALLXLOOKAM OF FOBCES, COMVOiniirai. 19 

1^ thm retmUemt, and alto the dittanee wkieh the point a, if acted on 
mmtmUaneoMMly by the two forcee, would pose over with uniform, 
teioeiijf, in tAe same Hme, — The construction employed for dis- 
Mrrering this resultant is called the Parallelogram of Forces, and 
die two original forces a6, ac, are called the Components. 

The length and direction of the resultant may also be found 
by the aid of geometry and trigonometry. 

jp*-^ g Let the two components form a 

right angle (Jig, 2.), then 

ad = VaV + ac» , Eucl. I. 47. 

or R « VB* + A* 

But if they form any other I 

X {fig. 3.), then 

ad = 's/aJi^ + ax? — ab. ac, cos. 
(180-x) 




>v/afc* +cu? — 2ab . ac, cos. x 






orR=s>v/B«+A«-2AB. cos. x 

Substituting for the I bad formed by the component B 
with the resultant, then 

A sin. X 
sin. p — — |y — , and 

X B-A 

tan.^ (2 ^— *)= -p . tan. \ x 

By means of these formulae, the amount and direction of 
the resultant may be determined from the two component 
forces. 

Motions which obey the laws of the parallelogram of 
forces are, ex, gr,^ the sailing of a vessel up a stream, ferrying 
across a river, the &11 of a body from the mast-head of a ship 
tt she sails, &c 



§24. 

The Parallelogram of Forces serves — 

\i For the Composition of Forces, i. e. instead of several forces 
f^g in different directions on one point, to find a resultant. — 
'^ direction and velocity to be substituted for the motion com- 
P°^ed of the different forces is found, according to the pre- 
**^g §» by obtaining the resultant for any two of these forces, 
^"W* this and the third force compound a second resultant, and so 
P'**®^, till no more forces remain. The last diagonal, to which 
*^«»stniction l^ds, will give the direction and intensity of the 
'^"'^t of all the components, 
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«.i«Luea a pivmb-Jimt ; tbe I'mt* 
dieular ; and a line or plane a 
AahbmriyiL At small dlstano»« - 
tfie lines of graTicT maj b« coosu 
a c coual of tike maa^ixrtude ot' th 
pwite t (isstaoccs wiiaere miles in 
perpcodictxiars must b« estiniate 
the earth's surfiK«. 

The coQTergence in ooe g 
g«og. miles it amoants to I -*. 

§33. 

Ererr bodT not supporteti. or c 
&lls totrards the surlace of the earti 
grmxitj. 

As gravity is a force coostantlT in 
of bodies, which is pureiy the result 
VKtybrai/jf aeetlerated motiom. 

Again, as graTitv operates with € 
>. e. as erery iodiTidual atom of a 
wards the earth, all bodies muji fall k 

In calculating this efleet of gra^ 
through in the 1st second of time s* 
whole distance through which it 
space is 1 6^ feet. 

The laws that regulate tK« -' 
ledcre of «♦*-- ' 
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i^ .$, 4, S. C <fc.— r 

Tlie find v«loatac» . :«, ^ ^ «. 3t0t. S^ •<«. -:2t 

The space fcr csacfti da* * 1, 3!;. >, T. X H'. <«^ — 

Tbe wfasle fftttt* - 3, 4, », 14. 23; »£., <tt.-fi 



Expi, OmfinnatiMi o/'tbcae !a«« bf Attwood'% mfftref . 
Its applicaikiB and principle:. — If it be l en uMi e d in expcvi- 
menu on Ifae deiccnt of bodie% that the deseending wei^lbt 
ifaoold fidi onlj 1 incii in the ]«t second, instead of 16^^ ft. 
a 193 in. nearly, then the additiooa] weight to be placed on it 
mnit be -Jn of die entire man that b to be set in motion ; or 
tbos, let M lep r caen t the vei^ of the wheel, cord» and 
vei^iU attarfaed, p the additional weight to be added <m 
one fldc^ which beii^ acted on by the gravitation of the 
eartl^ jMr the whole in mothm, g the £sunc« ilXmSc^ ^vs^M. 
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6) Thsttlie 
are in the order of tbe 
the^Mce fidlcn in the l«t aic. » I5 

Sd — ^3f 
Hence it follows, that — 
c) The spaces are as the sqoaics < 
in the 1st see. thespaees 

— 2d »l5-Sf 

— 3d = 1^ + 5*- 5f — S^ »>*;«« 144 

tbe whole distanrp frilcn in f wc ^^ 

Since a fidling bodj after f sccocd.4 has aeqnireC the rt- 
locity fp, it will, moving anifonnlj with tbai v^ixity, Iz. the 
same time, f see. fall throogh the «{»<« Lir » f^r, acd as 
v^2g this qpace must ~ ^f^, which is exaeth^ twice tLe dis- 
tance &llen in t sec, thus prorii^ the -Sth law. 

Let A = the space, t s the time, r s= the final Telocity, and 
psthe space frllen through in the lit sec, then we ba«e 
the following equations deducible from the preectiir^g 
laws: — 

1) r=S^, whence 2) i 



3) A »^, whence 4) /-V * 

9 

In like manner by substituting 2 in 3 



and in like manner substituting 4 in 1 ; we hare 

o» 2^V -= 2^/^= >v/4^ 

Tbe following are a few examples to be solved by the 
application of tbe above formulae : — 

1) The highest known mountain in tbe world, tbe Dba- 
'^alagiri in India, rises about 25,780 feet above tbe level of 
the sea ; in how many seconds would a stone fell through 
that height? — By the 4th formula, / = 40 sec. 

2) With what final velocity will the stone in the case 
supposed above reach tbe ground? — By tbe 1st form, o « 
1288 ft. 

3) How long has that body been falling which comes to 
the ground with a final velocity of 322 ft. ? — By the 2d 
form, ^s 10 sec. 
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e amount of the pressure on the inclined pUuie is such a 

>ii o£ the absolute gravity or weight of the body, as the 

j^ Q base of the plane is of its 

^' ' length ; i. e, (see /ip. 8. ) 

the pressure would » -r-=v 

Ail 

or, the pressure on the t'lc- 

dined plane is to the absolute 

weight of the body as its 

hose is to its length, L e. as 

BC : AB. 

Required the pressure 

exerted by a body, whose 

weight = 100 lb., on an 

inclined plane whose base 

is 6 ft and length 8 ft. 

Ans. 75 lb. 

rhe velocity in the first second of time is diminished in a 
scent of this kind in the ratio of the height to the length of 
a plane, or (./^. 8.) as AC : AB ; t.f. the accelerated motion of a 
iy descending an indined plane, or its relative force of gravity j is 
that of a body falling freely tu the height to the length. 

How many feet will a ball roll in 1 sec. down an inclined 
plane, whose length AB, fig. 8., = 160 ft., and whose height 

AC = 16 ft. ? Ans. 1-6 ft. 

The correctness of the two laws given above may be 
deduced from the following : — Let mp represent the line of 
direction, and mnssk, the weight (or absolute gravity) of the 
body, which exerts on the plane a pressure mo = h!, and a 
downward force (its relative gravity) m^ = on=k" ('^ 26.), 
and the L a the inclination of the plane to the horizon, then 
as the A s mno, BAC, are similar, we obtain the following 
proportions : 

1) A : ife' :: win : mo 
::AB: BC 
: : 1 : cos. a 

2) h : V'wmn : mq 

::AB : AC 

: : 1 : sin. a 

The space % would fall freely in 1 sec, being =^ (§ 33.) 
that fallen by V or g' = g. sin. a. In t seconds the body 
would descend upon the plane a space h' = t*g sin. a, and 
would consequently acquire a final velocity of 2 tg, sin. a. 
The space ^IJen freeiy in t sec. being ^ gt'^i 
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Tbe space tbroogii wfaieli a body vould fill by tbe actioii 

of gimtj in the time that it would de- 
j^. 9. 9emddiewbolelengtbAB0fy.9.)ordie 

A "»^l"»^*^ plane, b found bj letting fidl a 
peipendieular at tbe point B to meet 
the height AC produced in D. AD 
will be the dintanrp required : .*. 



c 



AD: AB:: AB : AC 



If it be required to detennioe geo- 
metricall J wb^ part of the length of an 
inclined plane a body will pass over 
whilst another body fidls freely the 
height of the plane, it is merely neces- 
sary, as in yE^r. 10., to describe a semi- 
cirde on the height. Tbe part AD, cut 
off by the eircumferenee, is the distance 
sought; then join DB, and draw DE parallel to BC Let 
there be a seeond inclined plane, ABF, of the same height 
AB, the body, would trarerse tbe space AF in the same time 



D 



Fig. 10. 



that it would fidl freely from 
A to B. Suppose now, 
that there were several such 
planes, all of tbe same 
height, AB, the chords BD, 
BG, being conceived to be 
parts of tbeir inclined sides, 
we obtain the following 
law, first laid down by 
Galileo, that all chords ter- 
minating in one extremity of 
the diameter of a circUy being 
considered as inclined planes, 
wiU be traversed by a body 
in tft« 9ame time Aat it would have fallen by the action of 
grmity ahne, through a space equal to the dituneier; t. e. in 
the time that a body would have fallen from A to B, it 
might descend from A to D, from A to G, from D to B, 
or from G to B. 

^ several inclined planes be joined together, as is represented 
^7 tile crooked line ADFH, fig. 11., a body that has traversed 
''^ A to D will have acquired the same velocity as it would 
h&Te gained by falling perpendicularly from A to C; or if two 
l^es start from A with equal initial velocities, the one from A 
to 6, and tbe other in tbe direction of tbe crooked Wne K'D^\^« 

J) 2 
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Such a eontriTance as the above would furnish us with 
an extremely simple perpetual motion, were it not for those 
impediments to motion that have not yet come under re- 
view, by which the force of the body would be gradually 
annihilated. 

OfPriQeetUM. 

§38. 

There are two forces in operation on every body, by whatever 
iDfians projected ; viz. the projectile force, which is momentary, and 
gravity, whose action is permanent The motion thus obtained 
must consequently be a compound one, the forces acting some- 
times in the same vertical, sometimes in exactly opposite direc- 
tions, and sometimes obliquely. Hence the following circum- 
stances must be observed. 

§ 39. 

Whm the progectile force acts in the direction of gravity, the 
P>tfa (^ a body is the same as it would have described by falling 
^^7, its accelerated motion being increased in each successive 
portion of time in proportion to the projectile force added. 

Thus, suppose a body to be projected downwardt with the 
velocity o, it will fall in t seconds a spMez^vt + gi*. 

§ 40. 

If a body be thrown vertically upwards, its motion, on account 
of the counteracting influence of the force of gravity, will be uni- 
fofmbf retarded ; for, if the projectile force only acted upon it, it 
^ould have a uniform motion, passing through equal spaces in 
^ual times. The effect of the projectile force is, however, les- 
'^^ every moment by the attraction of the earth acting on the 
'Coding body, and that, too, in exactly the same ratio as it 
^^^erates the descent of felling bodies. The laws regulating the 
^ of bodies in these cases obtain an inverse application. A 
*^y will therefore entirely lose its velocity after a certain time, 
**d by virtue of the attraction of the earth it will return to its 
'^^ffiice in just the same time that was occupied in its ascent. 

A body thrown perpendicularly upwards will be attracted 
^^ards the earth in the first second of time with a force of 16^ ft.) 
*n the second sec. 3 x 16-^, in the third 5 x 16-^ &c. ; or in two 
■^nds the force of gravity will be 4 x 16^ in three sec. 9 x 16-i\j, 
«c. This will be more clearly illustrated in the following ex- 
ample : — Suppose a body to begin its ascent with an initial velo- 
city of 160= 10 X 16 ft. ; neglecting fractional quatvtvt\es> vj<i ^Vv^.\\. 
^^^at it moves, 
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employed In accomplish idi; it 
la iu initial leliwity, and indeed at 
Ihe velocity with wbioh it 
atcended. 

Or thus, eipreuing It in geDend U 
Lei a body asceaj tertically witi 
action of (fraTity^ il would pns6 h 
this force wout*!, however, in that ' 
that it would accomplish only p(— }(• M 
its velocity will = r— 2j( j at ' 
body is at rest on b^iuning it 



To delermine the height a loily rise) 
IS eijuivalent — - in ihe equation 
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unequal attraction of the earth ; the course of the body will 
Fig. 14. therefore be a curved 

line (§ 25.) named a 
parabolcL 

A parabola is a 
curve consisting of 
two similar sides a m, 
a n, which may be pro- 
duced indefinitely, by 
being drawn in such 
a manner with regard 
to the axis ap passing 
through the vertex a, 
that the abscissae a b, 
ac, aff are to each 
other as the squares of 
the ordinates bd, ce, 
fg. Thus, if the for- 
mer be 1, 4, 9, 16, &c. the latter will be 1, 2, S, 4, &c. 

§ 42. 

' a body be projected in a horizontal direction, its path will be 
half of a parahola, whose vertex a lies in the point of pro- 
OTk^Jig. 15. 

Fig, 15. 

IV 





et a 6 represent the direction of the projectile force, and a c 
of gravity ; a body a would be carried by the former force 
e in successive seconds of time through the equal st)aces, a I, 
, 1 1. Ill, III. IV, whilst by gravity alone it would fall in 
essive seconds I, II, III, IV through the spaces 1, 3, 5, 7. 
13. ) If both forces act simultaneously on the body, it must, 
he law of the Parallelogram of Forces (§ 23.), arrive at the 
of the first second at ti, at that of the second at e, of the third 
\ and of the fourth at y. Again, as gravity is ikoV. «l iot^^ \ito- 
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"T) AWy abends to«rds the M 

Jravily odW during Iho tune of rta i 
lent ftom the oripMl perpendiou 
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.) A body projected h 
Mtly the same tiiue th»t 
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. If 8 bodv be Ihro-ra "W>><'y upmrds in 
■ |ii.ra)«(n.arf</?, ^i7. 1G-; "l"™ «"" ' * 
W reaohed by the body, which ascenas one w 

' ^,h"'".'b^inedm.heroUo>vin« 
, „ were impelled in the dxtvction -b. 
, alone acted on it, it would then am 
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is, after the first second the body will luiTe arrived at d, after 
eoond at e, after tiie third at^ after the fourth at ^, and so 

fi^ 16. 




; in other words, it will move through the points d, e, f, g, 
.king the curve d efg, which, for similar reasons to those that 
re advanced in the case of a body projected horizontally, is a 
rabola. 

In this curve the following proportions obtain : 

Abscissa a A : its ordin. hd \\ 1 : 1 : : 1& : 1 

— at: — i« :: 4 : 2 :: 2« : 2 

— ah\ — A/ *.' 9 : 3 ::32 : 9 
^ ai : — ig :: 16 : 4 :: 4* ; 4 




»iU desenbe the 



. Hlini^ 
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rfiaZ/brM, by a momoitary impulse, dtirea it in another direc- 
m* there will result a cunrilioear motion round this point. 

That the oourse of a body aeted on by two forces, in the 
manner described abore^ must be eunriiinear, may be de- 
duced as fc^ows: in^^. 18. let C be the centre of the at- 
tractive force, then suppose there to be a body at rest at a, 
unless supported it will Adl towards C. Now let a force act 
oa a in sudi a manner as to drive it from o^to fr in the 
same time that the centripetal force would have drawn it 
from a to (^ it must in this time travel the distance af. In 
JFtg, IS, consequence of the body*s inertia 

(§27.), in the next equal por- 
tion of time it will pass over fg 
» aff but the centripetal force 
meanwhile atttracts it to A; it 
will therefore arrive at iL In 
the third space of time the two 
forces will carry it, the one from 
k to I, where hi b/A, and the 
other frt)m A to m ; consequently 
it must pass over the distance 
k n, and so on. As the attractive 
force acts without intermission, 
the portions of time when its 
action may be considered to be 
renewed, must be regarded as in- 
finitely small, and, consequently, 
as in projectile motion, the 
crooked line afkn, which re- 
presents the distance passed over, becomes a curve. 

Such is the motion of the celestial bodies around their 
centres, the planets around the sun, and the satellites around 
their respective primaries. Universal gravitation acts through- 
out the creation as the centripetal force, and a tangential 
force must be assumed to have acted on these bodies im- 
parted to them by their Maker. 
As the result of the tangential force every body moving round 
^^tre acquires a tendency to fly off from that centre ; this ten- 
^cy is called the Centrifugal force. It is the antagonist of the 
^^tripetal force, to which it sets limits. 

Fig. 18. shows that after the first period the body, if under 
the influence of the tangential force only, would arrive at &, 
and that it would thus have receded the distance bf from the 
centre of motion C ; 6/ is therefore the measure of the cen- 
trifugal force for that time. And since the centripetal force 
is opposed to the centrifugal, it compels the body to deviate 
from a to^ instead of proceeding from a to b. 




If, oa the cODtTary, the ccatriFugal fbrtn^W 
IxKly'a jutb be invetsely as tlie squue of id d 
centie, it nuy be proved matbemHtically that 
ellipse, in whi«h use the velocity at <nie lime i 
another itecresses. The inotiona of all the plan 
perluraied in elliptical orbits. 

!) ReTemng to/i;. IB., if ve asaumedfi te 
quantity, ab tnay be coniidereds df, crbenc 

Jitgnl force it lo iht latigentiaJ, aaiic co-nrt. (in 
an movrd l/iraiigh. If, then, we pot arf— P, 
ab or d/— C the tangential Ebtce, and b, the 
at the centre of the are af, then we have 

Bd:df 1 

or P ; C r: co-vers. ain. a : sin. b. 

S) In anelliplical orbit th 
ill oneof Ihcfocicof -' "' 
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and at some other point cr, which is its greatest distance, or 
the Aphdion of the planets, whence co is the mean dutance, 
3) K, as in/kf, 19.f in equal times af —fg, 

then A afc —Afgc, EucL I. 38. 

and *.' gk'is parallel to cf 

Afck S5S Afgc 

/. A afc ^ Afck 

In like manner it may be proved that the triangle fckz= 
triangle ken, &c. 

Whence, in an elliptical orbit equal areas, are described by a 
radius vector in equal times. 

In n time we i^all have n area, and in m time the m area ; 
wherefore these areas are proportional to the times. 

4) If the body a continue to be at an equal distance from 
c, as in a circular orbit, then the lines ca, cf, ck,^c.', and the 
chords af, fk^ kn, &c. are equal, t. e, the velocity of the moving 
body is the same at every point of its orbit, or in other words, 
the body has a uniform motion ; in an elliptical orbit, on the 
other hand, the velocities {ts, pq, fig. 19.) vary; whence 
planets move most rapidly at their perihelion and most slowly 
at their aphelion. — Mean velocity. 

5) Suppose a body a, fig. 18, to describe the arc a/ in one 
second^of time, then its velocity V 8= af, and if we assume af 
to be very small, the chord af will be so too. Then, since 
the triangles adf, afo in a circle are similar, 

ad : af :: af : ao 

OT ad s= 

ao 

Here ad represents the centripetal force, or that motion 
caused by the action of gravity, as well as the centrifugal 
force. Again, substituting for it G, for the velocity af, V, 
and for the diameter ao ss 2R, it follows : — 

Giviiig to g, v, and x corresponding values for any other 
point V, 



9 = 



2r 



«. e, the centripetal and centrifugal forces are as the squares of 
the velocities, divided by the diameter oftlie circles described; 

or G : 
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pulley A, which 18 made to move with hut little firiction, 
and below the axis of two small parallel pulleys, A'. At the 
two extremities of the har are the supports //, in which the 
polished metal rod // is secured, on which the wooden ball g 
may slide freely, a hole being drilled through it. The ends 
of a fine silk cord are fastened to small staples on opposite 
ddes of the ball g^ which cord runs singly over the small 
wheels V, but double over k, A hook carrying the weight 
& is attached to this cord. This weight h consists of several 
parallel circular plates of metal of eqiud weights, that can be 
placed one on the other as may be required, and is intended 
to represent the force of attraction. 

If, now, this apparatus be set in motion by the fly-wheel, 
Jig, 7., the ball g will fly from the centre, tighten the cord, 
and raise the weight A, as soon as the centrifiigal force of the 
ball has acquired a sufficient intensity. With a little practice 
so uniform a motion may be imparted to the wheel that the 
weight h shall be kept suspended above the rod ff. For 
instance, if the distance of the ball from the centre of rota- 
tion be 15 inches, and the weight As J lb., by performing a 
certain number of revolutions, about 40 in a minute, we shall 
be able to balance the weight. Repeat the experiment, the 
distance being 10 inches, and As J lb., 73 or 74 revolutions 
per minute will be required to counterpoise the weight A. 
^ow, since 

R : r :: 3 : 2 (§ 29.), 

«nd R« : r« :: 9 : 4, 

'the squares of the distances are inversely as the weights ; it 

follows also that 

R» : r» :: 74" : 4oj, 

which is actually the case in the numbers we have assumed, 
and thus the practice accords with the theory. The ball g 
has therefore on a small scale fulfilled the same laws as to the 
times of its revolution as the planets at their vast distances 
from the sun. 

§ 46. 

^f a solid body of a spherical form revolve about an axis 
9 ^2.), all parts of its sur&ce and mass will perform the revolu- 
-^li in the same time. Their velocities will therefore be as their 
P^^ndicular distances from the axis, «. e. as their radii, and con- 
^^ently the centrifugal forces of the points will be directly as 
^«ir radii. (Obs. 6. §45.) The fkrther, therefore, the points 
^c situated from the axis of rotation, the greater will be their 
^^>ideiicy to fly off from it. 

Hiese particles then are in a state of central VM^n^ such that 
^ ctntripetal force is counteracted by the coYvesivt) ^iv^ ^^ 



^ ' 

TImI tatae bj meuw of which bodiei, wbethes 
Bimilor, adhere together, when their surfaeea omnf 
oaUed Ad/iaiim. (§ 11.) 

Il hu been remarked abotp, that tbi> force do* 
iqual intenaitj on all mailer; that iti opeisuou 
got merely b; the mass of bodies, but also b; the a* 
af contact, or the extent of their touching aurfaeeaj 
ion it is aometimes called St^rfidai Aara^io*] 
aflbcta obtain equally in poeuo, h> that it must be 
the atmospheric pressure. 

I § -50. 

Hie adhesion between solids is best eihibited 

ing Burfiices are at sntoocb as possible. A certai 

alls in such cases to sepaTate the sides that are in 

Fim Exp. Two polished plalea af gtasi 

adhctian-plaifi, will be found to stick togetha 

the other and sMglitly pressed , 

Sicmtd Bxp. Two plates of common wii 
like manner on eacli other do not adhere, 
the cause oF this? 

The inleasily of the adhesive furce ma 
suspending one of the plates to the arm of 
taching weights to ttie other arm until the plat 
Dividing :jov the weight thus found by the a 
inches in one plate, the ijuutient will give tit 
for one aquare inch. .^^^^^— ^™ 
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§ 51. 

Adhesion obtuns further betwixt solids and liquids. Two 
ppoate conditions demand notice: either the adhesion is stronger 
lan the cohesive force of the liquid (§ 13.), and the solid be- 
3iDes moistened, or else the latter force exceeds the former, and 
a that case the solid is not wetted. 

Firtt Exp. Many organised and unorganised bodies be- 
come wet on being brought into contact with water, spirit of 
wine, and many other liquids — the human body, clothes, 
&c. if exposed to rain. 

Second Exp. A drop of any of these fluids placed on a 
vooden table, or on a plate of glass, loses its globular form, 
and spreads itself over the surface of the solid. 
This does not happen with a drop of mercury. 
Third Exp, Immerse a finger in water, it becomes wet ; 
ia quicksilver it remains dry. 

Fottrth Exp, A tallow candle, or a feather of any species of 
water-fowl, continues dr}', though dipped in water. 

Fifih Exp, Gold, silver, tin, lead, &c. become moist on 
being immersed in quicksilver, but iron and platinum do not. 
Sixth Exp. Quicksilver poured into gauze will not run 
through, water will. Let the gaiize containing the quick- 
silver toucb the surface of the water in a glass, and the metal 
'^1 immediately flow through. 

Seventh Exp, Vera*8 Cord-pump — an endless cord, run- 
ning round two wheels, descends below the surface of the 
'Water, which it raises, by means of the adhesion subsisting 
between the liquid and the rope, to which a rapid motion is 
imparted by the upper wheel. 

On this effect of adhesion depend writing with ink, Indian- 
ink, and colour drawing, the smearing of metals, especially 
iron, with oil or grease, to protect them from rust. 

The measure of the absolute force of adhesion between 
Solids and liquids is found, in the same manner as that of 
Solids only, by the help of a balance, the solid being sus- 
pended, so that its surface just touches the surface of the 
fiuid. 
^ven those fluids which do not moisten the solids immersed in 
'^^^ have yet a feeble degree of adhesion to them. 

Eighth Exp. Small globules of mercury continue hanging 
to glass, paper, and other bodies, which they do not wet, 
even though held in such a position that they would na- 
turally fall. 
In many of these cases, namely, those in which the solid on 
couiing in contact with a liquid, itself passes mlo iVie \a\X^x %\^\An 
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It panic ular fluid. 

First Exp. A glass bottle, or one made of 
or well coaled with duM, or wilh innen (^qp 

water roll off its aurrace. 

Scamd Exp. Put b ring or coin into a cup ■< 

tbe fturraCG of Itie fluid with lemm IgcBpatlii, , 

vna be picked out of the cup wilhont welting ■ 

On the circuni^<UDce of the sulid'i Bttractiiig nuj 

liquid, or not. at weli as on the tarious degrees qI 

force, several other facts ilepenil, as may be shown' 

ing experiments ; — 

Third Exp, Place a drop of water at tbe V 
glass tube held in a slanting direction, its adba 
it to stick to ttie glass, whilst it descend) to 
tiemity of the tulie in conscilUEIICe ot th 
on arriving at this point it assumes a globular f 
off as soon as the attraction of the earth haa 
adhesion. To this property we are to attrib 
fluids running down the sides of the vessel 
when ^poursd out of one vessel iato anotl 
form fur drains, &c. 

Foarlh Bxp. Smear part of the rim of i 
water with some hog's-lard, and then covei 
co/Hidii, If the liijuid be poured out ove 
vessel it will run straight down, and not ovi 
glass.— Cwy. Why so? 

FJft* Kip. Quickailver SOlUSCLouLaLUE 
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SevaUh Exp, Let a drop of water fall on a plate of glass, 
it will be displaced by a drop of oil of turpentine, which in 
its turn will give way to a drop of eether or spirits of wine. 
— It follows firoxn this experiment that oil of turpentine has 
a stronger adhesion to glass than water has, and that aether 
has an adhesion stronger even than the oil. 

§ 53. 

The adhesive force between solids is materially increased by 

introducing a fluid between the surfaces in contact. The fluid 

fills op the existing inequalities, thus increasing the number of 

(Knots of contact, for the adhesion is increased in a degree equal 

to the adhesion of the fluid body to the two surfaces of the solids. 

First Exp. Two plates of common window glass on being 

wetted exhibit this property in such a manner as to stick 

tightly together. 

. Second Exp. Metal or glass adhesion-plates adhere together 
with far greater tenacity, if breathed on previously to their 
being brought in contact* 
The Adhesion becomes Cohesion when the liquid thus intro- 
duced changes into a solid. Hence the application for various 
Puiposes connected with the arts, of glue, cement, and solder, the 
process of plating, that of silvering mirrors, and the use of mortar 
"1 building. 

Third Exp. A thin flake of melted tallow introduced be- 
tween the plates increases their adhesion : if allowed to be- 
come cold, it requires considerable force to sever them. 

§ 54. 

A remarkable instance of the effects of adhesion between solids 
^ liquids is afforded in Capillary Attraction and Repulsion. 

7*bi5 peculiarity consists in the fluid*s either ascending the 
^Hd body that touches it, or else descending to a lower level at 
^be point of contact with the solid, being depressed by it. The 
J^ction takes place when the solid is of a nature to be wetted 
by the fluid : repulsion occurs when this is not the case. 

These phenomena are most observable in the interior of glass 
tubes of small bore, hence called Capillary tubes ; and the nar- 
"^^er the bore the greater the effect produced. They contribute 
^uch to our acquaintance with the causes of this attraction and 
^[^ulsion, inasmuch as the results are more easily noticed by us 
^ these tubes than in bodies of any other form. 

First Exp. Plunge the ends of several capillary tubes of 
various bores in water, the fluid will rise in the interior of 
the tubes to a height exceeding that of the surrounding 
Water, the respective heights reached Narjm^ as >i)ci^ \iO"W&. 
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n the Cube has become concave, iu den 
Haws togclber, in cansequence of ibe attrBCtii^ 
Tithin the narrow limits of the capillar; tubu 
of parricles in their turn bcEs upon the den 
the fluid, when a Fiecond euent of the boan^ 
place, and a second confluence of the den( 
whilst the loner ones arc Mfleil also b; their 'i 
the upper. The action of these altraolive fix 
till an equilibrium is established between Ibe ' 
column and its cohesion and the capillary atK 

SieoMd Exp. Now in-wrt the same tubes t 
and the surface of the fluid wilbin will be de] 
that of the surrounding fluid ; its figure will t 
its depth will increase bb the tube is of nanrowi 

The depression of the meceury in this cu 
counted for on grounds aimiUr to those tiiii 
planstion of tlic preceding experimenL Tba 

depressed column of liquid into equilibrium i 
lary repulBon. 

In tubes of the same nisterial, the fluid i 
nme. the height to which it ascends, or the 
sinks, »iil be mvorselj ns the diameters of the b 
inner diamelerM of two tubes Iw d and D, the 
the rtttttctiona of the first tube is to that of 
the diameters or circumfcrencva of the tubcsi 
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It is evident that the height to whiefa the fluid is raised or 
the depth to which it is diepressed must depend on its specific 
gravity as well as on the tube, and that it will be affected 
•by the temperature of the fluid. The heights therefore vary 
directly as the attractions, and inversely as the specific gra- 
vity ; whence it follows that A x spec grav. k attract, force. 
The following phenomena likewise depend on the above-named 
(ineiples: — 

7%ird Exp. Dip a glass rod in any fluid that will adhere 
to it ; water for instance, in consequence of its attraction to 
flie rod it will ascend it for some distance. 

FomrA Exp. Smear the glass rod with fot, or sprinkle it 
with atme» lyeopodii, and immerse it in water ; in consequence 
of the repulsion around the rod, the water about it will de- 
aoend to a lower level. 

Fifth Exp. Plunge a clean glass rod in quicksilver ; in 
eonsequence of the repulsion the latter will sink about the 
rod. 

Sixth Exp. Dip a piece of polished tin in quicksilver ; by 
virtue of its attraction the metal will ascend tlie tin. 

StneiUh Exp. Pour any adhesive liquid, as water, into a 
glass, and it will assume a concave form of sur&ce by ascend- 
ing tile sides of the vessel. 

Eighth Exp. Draw a ring of fat within the glass, and 
sprinkle it with semen lycopodii ; the water will rise to the 
height of this circle, and, if still more be poured in, it will rise 
in a convex shape, that portion around the glass being de- 
pressed. 

Ninth Exp. Quicksilver in a glass vessel assumes a convex 
fivm, and in one of tin a concave. 

Ten^ Exp. If two plates of glass be placed with one end 
of each touching the other, their sides being at a small dis- 
tance asunder, and be thus immersed in any adhesive fluid, it 
will rise between them, and the highest point will be where 
the plates are nearest together. 

Many natural phenomena are attributable to capillary at- 
traction, as the dampness of the ground, sand, sugar, and 
other similar bodies below which any moisture exists ; the 
ascent of oil, melted tallow, or wax, as well as that of spirits 
of wine in the wicks of candles and lamps, the absorption of 
fluids by sponge, blotting-paper, &c., the swelling of wood 
with change of weather, and the filtering of liquids through 
any porous vessels that may contain them. The ascent of the 

*£?' ^^' '^ t**® *^° plates be so placed at an angle with each other, that their 
2™«al tides shall coincide, on being immersed in water or any other adhesive 
W it will ascend between them, and form a hyperbola. — See I layfair s 
^'^'^^inttqfNai. FM. vol. I. p. 187. 
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vbilst a still ^<T^I>lle^ quantity of tbe UtI 
(Dcape. By tbis meBm the covering of tbe j 
M stiunnl, Ihst oa iti being punctured w 
will be thrown several feet high.~Thea*ce 

»i< cauBed partly by capillary attraction, I 
chemical nfliiiity of tbe ttro fluids, whilst I 
tration of the other is due to the Iss power 
Mcised by the capillary tubea of the bladd 
The spirit of wine being mora atronB'y ■ 
tubes, will flow out leu readily. 

The protligious- efleets the applicatioD t 
large scale is calculated to produce, may be' 
ting iwge blocks of stone by tlie insertion of 
wood which are then well saturated with in 

§ 55. 
The adhosiTc force between solids and hqui 
motion in tbe fbnner, provided they arc light em 
movad. Attraction takes place between solid Ik» 
fluid on which they tloat adheres to Ihem or nc 
the contrary, happens only when the fluid adhei 
Mlids and not to the other. 

Fim Exp. Lay a small hollow glass apb* 
of some water CDntained in a glass vessel,— 
being the movable solid, will gradually app 
the Tes»l, to which it will at length be drai 
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globules when one has water adhering to it, and the other 
has not. 

§ 56. 

Adhesion obtains likewise between liquids, when one of two 
nditions will result : either the adhesion of the fluids will ex- 
ed their cohesion or be less than it. 

In the former case a perfect union will take place between the 
lids. If the forces be equal, when contact is established, ad- 
ision will immediately be converted into cohesion, and a homo- 
ineous mass will be obtained. When the forces are unequal, it 
frequently difficult to determine whether the union which re- 
dts is a chemical combination or merely a mixture. 
In the second case it is merely the surfaces of the fluids which 
>uch without uniting ; that fluid whose cohesion is cancelled by 
ihesion remains on the surface of the other. 

First Exp, Two drops of the same fluid imite in one as 
soon as a contact is established between them.— This is most 
clearly shown in the case of two globules of mercury. 

Second Exp. Water, wine, spirit, milk, and several other 
liquids, mix when poured together. The effects of their 
mutual attractions are therefore stronger than the cohesion 
of their respective particles. 

Third Exp, Water and quicksilver, or water and oil, if 
poured together, will not mix. — The cohesion of the quick- 
silver or of the oil is consequently stronger than its adhesion 
to the water. 

Fourth Exp. Let a drop of water fall upon some quick- 
silver, and it will spread itself over the entire surface of the 
metal. A similar result would follow if a drop of sweet oil 
be put on water, which will be overspread with a thin film, 
reflecting the prismatic colours. 

Fifth Exp, Place a drop of liver of sulphur (tersulphuret 
of potassium) on the surface of some water previously co- 
vered with a fllm of oil, and it will take the place of the oil. 
Here is presented to us the phenomenon of one fluid 
taking the place of another, even after the adhesive force of 
the one is stronger or weaker than that of the other. (§ 52.) 

§ 57. 

lastly, adhesive attraction is displayed by aeriform bodies 
^^ards both solids and fluids, and is then distinguished by the 
'^^^e of AhtorjOion, In these cases, Absorption seems frequently 
J? be the first evidence of chemical attraction ; for when gases and 
*^uid8 unite it is often difficult to determine whether chemical 
^^^ination has or has not taken place. 



Botwn, atKl that part of cbeniun; wbi 
vhich thae numhen are detwmiiwd ai 

In the table, p. 64., tb> 



the table, p. 64., the equiralrDts aM 
o = lOG^ uul far hTdrogen — 1, opporf 



It only in thM p«1 
1 br the Dumben of ilie equinlentt i 
It ereo unile with other elements in S " 

^j eompju-ing these Mrious piopartioas, ll — , 
that the proportion of Ihnt element whieb adm 
alwavs an ciacl multiple of the umple equi ' 
compounds ober tile two following la^s. sine 
A ringtr pFoportiot ofont rtsmtni atmb 
prnparHimi of lit of Arc, or 

Tm propaHioHt qfthr <mt ounfriiM vUk 3, | 

Thus txx o\Aj simple substances, but also G 
combine onlj in definite proportions. This 
either by direct eiperlment. or b« adding the ■ 
their eonsiiiuerit p^rls. If the equivaleats whi 
elemeols constituting any body be added logeth 
the proportion in which this body nill combi 

" "- ■ a ora.de * 
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Water consists of 2 elements of Hifdrogen and 1 of Oxygen, 
whence the equivalent for Water is 

» 2-6 +100 » 112 
or » 2 -1 + 16 = 18 

In exhibiting the composition of chemical combinations in a 
nmple and intelligible manner, as Chemical FormuUej the simple 
substances are represented by the initial letters of their Latin 
i^anies, and if two or more elements begin with the same letter, a 
second is added. 

One equivalent of a simple substance is expressed bv writing 
merely the chemical symbol thus, 1 equivalent of Potansium =. K. 
~^ Several equivalents are represented by the addition of a small 
<^pber above or below the symbol, thus 5 equivalents of Oxygen 
^ 0^ or O^. It is customary to express 2 measures by drawing 
a line either through or beneath the symbol, thus 2 equivalents 
o( Nitrogens if or K. 

^ combinations of the first order, or of the elements with 
^b other in pairs, are represented by writing their equivalents 
^r the chemical symbols. — As oxygen and sulphur are so 
^uently combined with the other simple substances, an abridged 
ntode of representing them is adopted, and for every equivalent 
^ oxygen a dot is placed over the symbol of that body with 
yhich^jt is united, and for each equivalent of sulphur a comma 
^ used; for 2, 3, 4, etc, equivalents, a corresponding number of 
**• or commas is employed. 

Ex, gr.y Potassa = KO = K 

Carbonic Add = CO« « C 

Water =- H«0 = H or H 

Sulphiiret of Potassium = KS =: K 

'^▼eral equivalents of similar combinations of the first order 
^ represented by a coefficient prefixed to the formula, thus 

3 equivalents of Carbonic Acid = 3 C 

lue chemical formulae for the combinations of the second 
^^h the double pairs, are constructed by writing together the 
onnulae of the pairs composing them ; thus 

Nitrate of Potassa »= 1 Potassa + 1 Nitric Acid 

« • • • 

• •■• • ••• 

«Kif or K N 

Combinations of the third order, those of double pairs with 
^h other, as also mixtures, are represented by writing the for- 
"'*** joining them to^efher by the sign + thus 
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The bioiry compounds, or chemical eombini 

order, are commonly named and classiliHl aMOl 

metallic substance the; couWin. Hence, they i 

u compounds of oiygen, or Oxidcti of chin) 

of sulphur, or SalphureU ; of Fbosphoriu, or' 

Carbumls, &c. \ 

The noDienclature of compounds of thli claM; 

that the name of the class precedes that uTtbe A 

Ex.sT., Oxide «rlnin, Oiide of Coppei, 

Chloride of lion. Sulphuret of Iron. CariMI 

ComUinationB of the roetais with each other ai! 

AUoy; those of quickiilver with any other i 

AmiJgamt, aa amitlga.in of gold, amalgam of • 

tin, to. 

Bronit is an alloy of copper and tin ; 
Brat! of copper and zinc 
Combinations of this order, considered gener 
inorganic aod of organic nature, differ \' ' ' 
ebemical affinity. The foitner, in which 
bine cbemicslly and produce binary formatii 
BIB called Acidi and £aiti, all others arc 
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Mo6t acids consist of combinations of non-metallic bodies; 
some, however, qpnsiftt of one such body and a metal. 

Inorganic Chemistry embraces such Oxygen acids as have a 
'^"^ndioal; they are chiefly binary compounds of oxygen with 
> non-metallic substance ; a few only have a metallic base, and 
*^ heoee called metalHc-acidt, , 

The following are given as instances of oxygen acids, viz. 
Su^uric Acid, compounded of 1 sulphur and 3 oxygen 

Carionic Acid, comp. of I carbon and 2 oxygen — C 
The following are MdkdHe acids, viz. 

• • ■ 

Arsenic Add, comp. of 2 arsenic and 5 oxygen = As. 

An^monie Acid, comp. of 2 antimony and 5 oxygen s= Sb. 

Acidg having a compound radical are nearly all of organic origin, 
^^ are either Vegetable acids, which are free from nitrogen, or 
j^^ acids, into whose composition this element enters. The 
JJ*6 or radical of the former is composed of carbon and hydrogen, 
^ of the latter invariably contains nitrogen. 

Two instances are given below of vegetable and one of 
animal acids, viz. 

Acetic Acid, comp. of 4 carbon, 6 hydrogen, and 3 oxygen 
« C* H« 0«. 
GaUie Acid, comp. of 7 carbon, 2 hydrogen, and 3 oxygen 

Cyanic Acid, comp. of 2 carbon, 2 nitrogen, and 1 oxygen 

« C« N« O. 

^B the class of acids which has just been noticed the characteris- 

^ dement was oxygen ; there is another class which, as having 

ydrogfen for their base, are called hydrogen acids. In the mineral 

^^om binary compounds of this element are to be found with 

Tj^ non-metallic substances (Sulphur, Chlorine, Bromine, 

^^^t Selenium, and Fluorine), and with the metals arsenic, an- 

~^ony, and Tellurium ; in the animal and vegetable kingdoms it 

°I^8 ternary combinations with nitrogen and carbon. In che- 

^^ nomenclature they are distinguished by the prefix hydro. 

From among many the following instances may suffice, 

▼12. 

Hydrochloric Acid, comp. of 1 hydrogen and 1 chlorine 
«HCL 
Bydrosuhhuric Acid, comp. of 2 hydrogen and 1 sulphur 

*gs. 

HydroeffcaUe Acid, comp. of 2 nitrogen, ^ cax\>oxv, 2sA ^ 



^^■vtAble btufs green, -and vegc ubl^yeTl^^^fflR 

The mineral nlkelies eonsisl chiefly af biDU^Jj 

otjgsa wibb the metals ; the animal attd 1 1 j^iifoj 

eoutror;, are for the most pitrt composed of the MJ 

of organic nature and contain from I— J of their H 

a large proportion ofliydrDgeD. and a little ox^^M 

A few of the principal alkalies are, J 

Oiidi af Potatsiiat or Palaim, coaip. of Q 

1 oxygen -= K. J 

Oxide of Sadimm or Soda, fiomp. of I sodii^ 

Oiide of Co/ciiiin or Limt, comp. of I edCa 
gen - Ca. 1 

Oxide of Strontitan or Stnntia, comp. of 1. 



The most important and most getierall)' diffused 
ore Ihe afj^sen acidi and the aiidn. Both howe« 
ferent quantities of oxygen with the same radical, 
may — agreeably to Ilie law liud down in §64.- 
Torioui proportions vlth Ihe other element of the 
degree of the quantity of oiygtn present is sti 
change in the appellation. 

If two acids are thus fonned, that which 
portion .of oiygen ii distin^uislied by the 1 
tile name of the other ends in dm, as, 



ISDirFEREVT COMBINATIONS. 71 

J proportions obtain also in the combinations of the 
n-metallic substances, the chlorates, sulphates, &c., 
tensities are marked in a similar manner. 

§7a 

rent combinations of this class may be known by their 
! properties neither of acids nor of alkalies, and espe- 
r exhibiting no chemical affinity, 
neral kingdom belong all alloys and some oxides. 
re called SuboTides and Superoxides; adopting this 
lenclature the following would be the gradation : — 
«, Superoxide, Acid, and the quantities of oxygen 
in a simple numerical proportion. 

of manganese (Base) = Mn. 
3xide of manganese = Mn. 

meseous acid = Mn. 

s case the following will be the proportion of oxygen : 
J or 3 : 4 : 6. 

« 

ide of potassium as K. 
of potassium = K 

• • • 

3xide of potassium a K. 

portion of oxygen being as ^ : 1 : 3 or 1 : 2 : 6. 

rent combinations of the animal and vegetable king- 
leir acids and bases, consist of the four elements 
e already said enter into the composition of all organic 

g these may be reckoned various parts of plants and 
as the woody fibre of trees, gum, fat, oil, rosin, co- 
matter, &c., besides alcohol and ether. 

§71. 

pounds of the first order, in addition to the elements 
y are chemically composed, contain also a portion of 
it which indeed some of them cannot exist. In this 
they are known as hydrated oxides, 

ited sulphuric acid = S + H. 

ited oxide of iron (rust) = Fe + H*. 
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.upplyoroijgen. [ 

Hence the cxtinguidiing of burning nua) 

them wilh damp euth, of hides. ' 

§ '8. 

Many aolidt possess the propert]', upon cominj 

a fluid bodj. of Ihemselces becomiiig fluids alii>,| 

it uDe humogenuous substance. This cODdili<Hi<^' 

its Soliaim, aod the fluid which biings about fbt 



A distinction must here be remarked betsi 
. MKtuicoI solutions. 

In Chemical Svlntioiti a perfect chemical i 
the liquid is produced, in accordance with tha 
pmpoitiooa eatabliahed in §§ 63. and 64. ~ 
of the compoundeahibit a change in theirpi , . 
bined in an entirely new Bubstaoce fonned h; I] 
substance, on the oomploljon of the pcooesi, ga| 
solid form, that is, it becomes crystallised. ' 
and most powerful lalTCnts of thii claas n 
pAurie, aitrie, and chloric acitU. 



Mechaaieal SoluHan is 
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It one of the bodies, the soWent, must be m liquid; in the 
ter, both the substances are solids, and liquefiiction must be 
lught about bj means of heat before any combination will take 
Me ** corpora non agmU niai JluidaJ** Bronxtf for instance, is such 
lolution of copper and tin. 

§82. 

The strength of any parUeular solvent, when employed, varies 
uch according to the properties of the body to be dissolved. A 
lutiion is said to be §aturated when no more of the solid can be 
uiolved. With respect to the chemical solutions, saturation de- 
ends, as has been observed above, on the number of e<]uivalents 
ad on the established laws of chemical combinations ; in aqueous 
(dntions, on the contrary, saturation depends greatly on the tcm- 
icrature of the water. In general, the capacity for dissolving 
ncKases as the temperature rises, and in chemical solutions, too, 
Ihe devation of the temperature materially affects the result ; 
cMoride ofiodivm (cidinary salt) is equally soluble in water at all 
temperatures ; whilst oxide of calcium (lime) is more freely dis- 
tolved by cold water than by hot. 

§83. 

The eryataUisoHon of any body that has been dissolved consists 
{B its solidifying, and in the separation from it of its solvent. It 
tt effected either by the gradual cooling of a hot solution, in which 
^with the fidl of the temperature there is a corresponding dimi- 
^tionof the dissolving power, and thus the solid crystallises ; or 
.^ by the application of heat, the liquid is driven off up to the 
f^^ofcrystalUstxtion, when the surface of the fluid will be seen to 
''B overspread with a thin film. 

, ^ater is capable of holding several salts in solution at the same, 
ume. When the temperature of the water has been so lowered by 
fooHng, or such a quantity has been driven off by evaporation that 
^ean no longer hold in solution the given quantity of any one of 
^ nits, then that particular salt disengages itself, and crystal- 
^"^^ begins, the other salts continuing in solution till from a like 
^*^ tbey successively crystallise. Hence we are able to separate 
^y number of salts from each other. 

Application of this in the purification of saltpetre from the 
common salt mixed with it. 

§ 84. 

^^ the chemical decomposition of solutions, the disengaged 
^7 may be either solid, liquid, or aeriform. 
. ^the first case it thickens, and often colours the liquid, sink- 
^ *t length to the bottom, whence it is caWed «k Preci^tAte. 



— .^^.«, i»««/4ju> VI wiiica toe tXKl] 
posed (3). 

I) As an illustration of the subdiyii 
may adduce a cube of fluor-spar, which gi 
its primitive form ; or a Hexagonal crytti 
which gives a rhomboid. 

Hatiy, who first discovered the importt 
of the subdivision of crystals, obtained the 
forms, the tetraiidronf Jig, 83. ; the paraU 
the octo^ron, fig, 25. ; the hexagonal p, 
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Fig. 24. 



Fig.9S. 



71 



) — 






,:d2^ 






..a 






Fig. 27. 



Fia. 2ft. 



XV^ AA 



imulh, — Micnncopic erjiulliu 



F 1*« OTsUlluatian of tin in ihe drniing of irol 

■*oi*« tbibte »hen loltd upon by iiilrie «ciil, uid p 

■ A> ■td-koavn elhiop's mineral. 

. Hw planes of cleaiage are rtedily (Hsiinguished 

'^ IwUndspsr, &c. ; alu Id linc, andmaiiy, bismulh, lie, 

") A piece of Iceland ipar, if broken into its fmallnt par- 

n, pio |ierfi»;tl; formed rhomboidnl cryitsli. 

IBiiiy nguded tb« pnrallvlopipedon, (he telrsiidran, ufj 

V liinguUr prism as Ihe fonns of tbe ultimate molecules, 

'■ uSiee tor the production of erery other form. He 

n crjltali to be composed of theae molecules arranged 

rnt one upon the other, The great variety of cryi- 

Defuinu derived from %a Bmall a number of primitive 

be (ipluncdi on the mppDaitian that the strata diminish 

lallj u their distance incieawa from the primitiva 

~^■nd that this takes place either at the angles or at 

It only, or ia a piuition intermediate between them. 

■J, gr^ from the cube, as the primitive form, may be 

Nved bf means of combinalion, the oddSdrim, Jig. 31. ; the 

"wiBiirfwotiiro", fig. 33. ; and the penlagonal-dodeiait- 



i 



Fis.S,%. 



Fig. 33. 




' might, perhaps, seem more natural to consider the primitive 
' in all cases as Ihe basis of the diRerent cryttaliine bodies ; 
i^r, however, to facilitate the description of the various spe- 
M of oryslals — particularly in classifying minerals — certain 
fire assumed to be Jkudamcntal. The number and kind of 
■■ fundamental forms are vaonusly slated by different crystal. 
iphers. Such crystalline forms as may be deduced from one 
nd (iindamental forms arc said la cunslitute B 5^i(itii of Cryi- 






ts to be regarded in crysinlii are (lie angles and 
leir edges and sides. Tbe lines joining these 
J through tbc middle of the crjmii, sm B*!iML 



BAADxxas. — B&irrLnrtss. — malleabilitt. 8:S 

raetuTe be also destitute of anjthbg of a crystalline nature, the 
ihrtamy is sid to be dense. 

Crystalline bodies frequently differ widely in their physical 
roperties from non* crystallised, tspecially in the greater hardness 
f the finrmer. The most remarkable instxmces are afforded in 
nbon and aluminum, which, when crystallised, become the 
•idest of known substances, the diamond and the sapphire. 

§89. 

The Tarious modifications of cohesion, expressed by the terms 
ksrdbeM, aoftmegs^ hri t tlen e $s, and ductiHtyf applied to solid bodies, 
Otty be accounted for as arising from the variations in their 
internal structure. 

Those bodies are said to be hard which resist a considerable 
external force, either by pressure or impact. 

Most stones, several metals, and various kinds of wood, 

possess this quality. Of two bodies that is said to be the 

harder which causes a disruption of the other ; the diamond 

is esteemed the hardest of all bodies, because all others may 

be cut bj it, but it cannot be cut by any one of them. 

Soft b a term applied to all such bodies as may be made to 

dttoge their form on the application of a trifling force, no dis- 

iqitioQ of their parts taking place, and the form thus impressed 

lipon them being retained i^er the force has ceased to be exerted 

vponthem. 

Moist clay, tallow, butter, wax, &c. may serve as familiar 
examples of soft substances. 
T^hoK hard bodies whose particles are held in such a state of 
mutual repulsion, that the separation of one or more of their 
Pvticles causes the disruption of a large portion of the body, or 
**% its total dissolution are said to be brittle. This property 
^J be induced in many bodies, by raising them to a red heat, 
v>d then cooling them suddenly. 

Brittle bodies may be pulverised with ease by applying 
some external mechanical force. Glass that has been cooled 
quickly, and highly tempered steel, possess this quality in a 
remarkable degree. 

First Exp. If the tail or glass thread be broken off a 
Dutch-tear (t. e, a liquid glass-drop cooled by immersion in 
cold water), the whole body falls into minute fragments. 
Let a small sharp piece of gun-flint fall into a Bologna 
flask, and it will break it into a number of pieces. 

Glass cooled slowly does not display this brittle nature ; 
but by the more gradual loss of its heat it acquires a j;reater 
or less degree of elasticity, as may be seen in fine threads 
of glass. 

o 2 



□mcd with the arts lU, tr. pr., iron, coppM 

line. Golil, siliec. and platinum are midlai 

ablr bigh diigree — gold-lear, iil«r-la4 {A 

■nd ulver wire; VTollAAion^a Guest pLitiniui 

Tliosc bodlm rbich admit of being bent vitba 

lich ntain th? form tbejr h»e tbus been nude t 

be ductile and piiaUe. 

» propi 

catf;ut, tie, 

i'hese different modiGcatioos of soiidttif • 
qualilin that innuiabty admit of stron^y | 
demircalion, nor Bee they unsusceptible H 

fluence on them, as the accumulation of tki 
bodj alwajs ttiminiibes its Eobesire atti* 
details on this subject belong to the doclniMj 
The tiilloviiig Utile table rurniihea, at a^ 
live view of the diSerant pioperties of tba eU 
of solid bodies; — 
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m fiirec aedng it tbc othet aid in tbc d iwrti an of tb* 
Mfi length, "od (ndny lo tar a arwmder. 

3, Tbea fafera/ ifiiBjii*. or Ibe fiim vitli wbich ■ bnm btietud 
H nppoited at one or both ends rexiits nfrfuK. the ttns being 
VpHid perpmtliculRrlj to tht beam. 
3. Tbor wnatana ID «>pipr«nn. or the fiim vliwh • bodf 
p«B to a wiugllC app1i«l in &e duvcttofi of its length, with m 
Ixdaic; litber to enuh tbe hodr, or by drfirftimg it to bmk IL 
"^ raght re4|ii]rcd 10 elTwI the "partiruiaF kind of niplurc 1^ 
cue, the nHsure of ihr bodj's slrength. 
it of coioidcrahle importanc* in muiy matten e«iDPCted 
nth m, to know the itreii|:tb of diOWicnt sub^anccs. etperi- 
e been peribrmed ioiotthii]>oint. The meuls. voodi. 
hAve i^iefly been Cried, these iTBterialf bein^ the most 
Wttniisfly Died. The genersi remit of these inTe«ig»tions ii, 
<blibe iitrcii{;lh of the meuls eieeed< llut of the iroDils. and that 
■ffiong diSerent bodies of both these cl*«et b great inequality 

Tile opanty of any stibaianm fm resiitin|; tetsion ia of linporl- 
■Ke in dMenoining what for« of tracCianiican viihitand, ipplicd 
h tb« direction of its length ; as in subpension-tiridget, anchurs, 
oUes, and the like. 

It order to etiimate the ttreng:th of the ntaterial under invcs- 
"iguion, irhBthBr it be wire, rod, or cord of scleral itnndi. let its 
ffa ettremity be securely fislened, and then attach weights to 
iuloirer end, till rupture takes place. Thai weight which itnapi 
1* body it regarded as the measure of its abulute strength. 

The following is a list of th-e melaln. according to (heir 

braas. gold, tin, bismuth, iLnc, antimony, lead. 

It has further Ikcd aaeertained, that the tenacity of cast 
DKtalt 11 leaa than that of the same metals when forged 
and drawn into wire; that alloys ftei|ue(itly affect their 
strength in no small degree i and tliat melals at a low tern- 

petaturv ate much stronger than when heated Necessary 

application of these principles to the boilers of sleam-en- 
gines; effect of constant use upon the barrelt of tire^arDis. 

In consequence of its great tenacity, iron is tile most im- 
portant metal, in a technical point oFview. According tu 
Tredguld's and Duleau's eiperimenCs, apieceof tliobest bar- 
iron 1 square inch across the end would bear a weight o( 
about 77,373 lb., while a similar piece of emt-vroii would 
be torn asunder by a weight of from 1B,K43 to 19,164 lbs. 
' ' worthy of remark, that Ihin iron wires, arrangad 
,0 each othci, and presenting a lurftcD'at their cK- 
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follows, that if we wish to make the duration of an oscil- 
lation 2, 3, 4, 5, &c. times greater, we must lenj^then the 
pendulum 4, 9, 16, 25, &c. times, t. e. the lengths of the 
pendulums must be as the squares of their times. 

§ 102. 

A Seconds pendtdum is one whose vibration occupies one 
second. 

As the motion of a pendulum, like the fall of bodies t» tnicuo, 
or their descent on an inclined plane, is a consequence of the 
drib's attraction, the length of a seconds pendulum must depend 
OD the intensity of this force (a). Where gravitation is equally- 
powerful, all pendulums vibrating seconds must be of equal 
lengths; and where this force does not vary, the length must 
continue constant. If the attraction increases, the pendulum will 
beat more quickly ; if it diminishes, its vibrations will be slower. 
Observation has shown, that a pendulum beating seconds at the 
equator oscillates more rapidly as it approaches the poles (6). 
Hence it follows that the force of gravity must increase towards 
the poles, and that the cause of this increment is the flattened 
pgore of our earth, i.e. that the axis of the earth is shorter than 
JJs equatorial diameter. Under the equator, the length of a pen- 
<^ulum beating seconds is 439*2066 Paris lines; and under the 
poles 441 '5928 Paris lines; the entire difference between these 
t'^o extremes being only 2*3862 Paris lines, or little more than jL 
of an English inch ; in the latitude of London the length of such 
* pendulum is S9i, or, more accurately, 39*13929 inches, at the 
temperature of 62° Fahr. 

a. If the time in which a pendulum described a small arc 
were exactly equal to that in which it would move along its 
chord, then the length of a seconds penduliim would be ex- 
actly the fourth part of the height fallen in the first second of 
time. But, according to the observation made in the pre- 
ceding §, 2, it has been shown mathematically that the time 
IS something less. The calculation may be made by formula 
A in that article : thus, 

t « »"^» /. ^ = T^jT^j if <= 1 sec. 

^^^^^ = ^=-4^8-= 0-2^^ ^- 

I, Richer (1672) discovered that a pendulum beating 
seconds which he carried from Paris to Cayenne, moved in 
this latter place rather more slowly. Newton thence de- 
duced^ by his second Jaw o{ gravitation, the ^aXleae^ ^orca. 



ipact oT/iard iielutUL liuiliUI Ulill lllUl UI^H 
ilh the peoetrHtion of suih as are soft, becai 
ming dii'iikd, their parts can no longer I 

n<iTdnrai and Elailitih/ Brc esBentiiil 
(§ 6. 89.), eonsftjuenllj there eiists no lui 
Bolutely hard or s pcrfccll; elastic wlul. . 
ore about to develope must, acMrdingtyi ■ 
dificationa varying jn degree; in theorj, f 
lo be absolutely hard or abBoluleW elaaddl 
or the other of these qualities predDmiiiall 
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In perfectly hard non-elastic hodii 
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I the ma 
I! two] 
lireclion, after impoet their joint momei 
liUin of (heir single moments. If they 
na, it H-il1 equal tlie dilTerencc of the 
immou velocity of the two bodies, aft 

* I M and m represent the masses, anc 
cities of tvo bodies; then the motion 
after impact, if they move in the sam 
(Comp. obs. ^28.) 

I,el their common .elocily after 

|M + ih"^ = MV + ntBj eonaeq uentl jr 
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and that of the second body, 

m(MV-«p) 
4., «*- ^^^ 

whence the momentam lost by the first body is 

M(MV-,,)^ 

M+IM 

Mm(V + p) 
^*' M + m 

and by the second body 

(mMV + m») 



1110 + 



6.» 



M + m 

Mm(V + g) 
M + m 



or the moving force of both bodies is equally diminished. 
If one body, ex, ^., m, be at rest, then mv=^0, and in this 

case 

MV 

'^" '"mT^ 

If Msm, then 

8., * = -2- 

When Vssp, in which case only equation 2. admits of 
Application, 

M— m „ 

M + m 

Lastly, if MVss mo, and both bodies move in the same 
•Jirection, 

2MV 

10., 0!=-^^ 

M + m 
And if they move in opposite directions, 

MV-mt> 

11., X=:—jrz asr^ =0 

M+m M+m 

In order to test experimentally the accuracy of these laws, 
^e must set perfectly hard and non-elastic bodies in a state 
of central motion, so as to produce impact, by which means 
^e may estimate the velocity of the bodies with tolerable 
accuracy. The following arrangement will be found avail- 
^le from its simplicity : suspend two balls near to each 
other in the manner of a pendulum, taking care that they 
shall describe their oscillation in the same «k.ic\ nvVs^cl \}ca^ 





>Ty balls in ihe itnpJ 
iTurr being the sulKtaose t' 
perfectly elmlidty. 
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§ 110. 
Tf no elflslie body in molioo strike i 

hicli il ad-vsneed. If llie impact w 
I [be aame directiaa it " ' 
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Res(^ii^ the original force ah bj means of the paral- 
lelogram of forces (§ 23. and 24.) into the components ac and 
ad, we may establi^ the accuracy of the above conclusion. 
^en Ae body a has arrived at 6, the force ac, in con- 
sequeiice of the body's elasticity, causes it to return in the 
direction hd^ac, whilst the other component besaad pro- 
duces a tendency to move towards be'. It is, therefore, 
simultaneously driven forward from the point b by the two 
forces 6 c{ and be'; it will of necessity describe the diagonal 
is' of the parallelogram bda'e'. Again, as bda'e'^bdaCy 
ia'aio, and la'^ laand Lff^ l^. 



V. EQUIIJBBinM OF SOLID BODIES, AND OF THE 
BfECHANICAL POWEBS. 

§111. 

If two or more forces act in opposite directions on a solid body 
vluch is fixed, but capable of being moved about a certain point 
of Its mass, such body will either continue in a state 6f rest, or it 
*»U be set in motion. 

u the moments of the forces that tend to move the body in op- 
l^ite directions be equal, it will continue at rest : this condition 
■* Called the Equilibrium or StaticcU Momentum of the Forces, 

^h on the contrary, the moments of the forces in one direction 
^^'^ed those in the other, the body will be set in motion in the 
erection of the greater momentum. 

Let a 6 (Jig. 49.) be the solid body capable of being turned 
Fiff, 49. about the point c. 

Suppose the mass m 
to act on &, and M on 
a, then if the line turns 
about c the momen- 
tum at b (§ 27.) is 
m,bb' = mct and at 
a = M. aa' = MC. 
If these products are 
equal, but the direc- 
tions in which they tend to excite motion are opposite, 
their effects will be neutralised, and the line will remain 
*t rest ; if they are unequal, the line will move in the direc- 
tion of the greater momentum. 
«ow, gingg ^\^Q moments are the products of the forces or masses, 
"*» % into their velocities, C, c, in the condition of equilibrium 
*8 obtain, 

MC a. me 

or M : m :: c : C 

I 3 




"'""" """" 


SlIS. 


1 


On lliis generel law of the action 


of laotiTe dM 


bodies dt^pend 


thoK various contriianceB known M 


nsmeofwcAiiui. 




Macbinesio 




Iher 


1. by means 


of B small force to hold 


i- tgaUibrio, Ol 


motion a grea 


-.Iglit, or 




2. by means 




a impart a great 


.nnaUbody. 






Tb^e arc 


itx simple fiathiiui, viz. 


the Zrftwr, the 


FAeW anif .ix/ 


, tbe Indined Ham, the 


r«JjK,andthe 


the different c 


mpoum/ machinu*. which 


have been or 






binations of th 


pic onc5, gene 


ally known as t!ic mecha 
a. The Live 
§ Hi- 




A ph),iad 


rcomniwnrffccsrisaoy 


nfleiibte rod . 




d acled on i 


poinla. by t«.o 




e it in oppoxil 




□r support, if.'.insleai 


of such a bodi 


Bill co.ioeive o 


f ao inflexible Imponde 


able line, be a 




.__§».»■__ 


1 



BQUILIB&IOM OF THE LITEE. 



119 



Fig. 5a 
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Fig. 51. 



c 



Ff^. 52. 




• may have unequal arms, as in fig. 51.^ where the fulcrum is 
>earer to one of the forces than to the other. 



Fig, 53. 
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The arms of a lever may 
be either right or curved 
lines, or they may even form 
an angle, in which last case 
the fulcrum will be at the 
vertex. Figs. 50. and 51. 
are instances of rectilinear 
levers, fig. 52. of a curvilinear ^ 
and fig, 53. of an angular' 
lever. 



5 116. 

The following law holds true with levers of every class : — 
]' Every lever is in a state of equilibrium when the power and 

•^A* are to ecuih other inversely as their distances from the ful- 

*^(a): or, 
2. Equilibrium obtains in a lever when the moments of the forces 

^^ on the lever are equal. (§111.) 

Thus, according to figs, 50, 51, 52, 53., if 

P : w :: c6 : ac, or 

p. ac = W. cb, 

a. The distance of a force from the fulcrum is the per- 
pendicular that may be drawn from that point to the line of 
<lirection of the force. If the forces act perpendicularly on 
the arms of the lever, the arms will themselves be the dis- 
tances ; if they act obliquely, a perpendicular drawn from 
the fulcrum to the line of direction of the force gives the 
distance. Pa' is the direction of the force P {fig. 54. ), and 
the perpendicular, ca'^ its distance; W6' is the direction of 
the weight W, and cV its perpendicular or distance. 

If the angles a and jS are known, which the directions of 
the forces make with the arms of the lever, then by trigono- 
Qietry it may be found that 

I 4 



or P: W::c6: 

As in this case Aeba is not similar tc 
between the arms of the lever can no Ic 
sides of the plane. 

All the three sides may be genera 

Fig, 71. 




Represent the weight W of the be 
line mn, which being considered as a 
into the components mo, mq (§ 24.), i 
pressure on the plane, and mg is the 
force with which Q tends to move in 
fng =mn. sin. 7, and from the similarit 
CAB, 7=o; whence the relative w 
whilst the Dress"»' 
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whence P= W. . ' ., 
sin. fi 

If P be parallel to A C, as in the direction md, then jS =90^, 
and sin. ^ a 1 , in which case ; 

P=W.8in.o-W. Pl?* (Case I.) 

hyp. 

If P be parallel to the base A B, as mx, jS v90 — oc, so sin. 
^=cos. a, whence 

P=.W.?^=W.tan.«=W.?*?- (Case 11.) 
cos. a base 

From what has been shown above it follows as a general rule, 

that the saving of power effected is greater the less the per- 

pen^cular height of the plane is as compared with its hypo- 

■thenuse; that the maximum saving is when the power acts 

parallel with the inclined side; and that the power must be 

uicreased in proportion as the direction in which it is exerted 

Approaches a perpendicular to the inclined plane. 

Exp. The laws of equilibrium in the Inclined plane may 

he experimentally verified by laying a ball or cylinder, of 

l^nown weight, upon a smooth board inclined at different 

^les; a cord passes from the cylinder over a pulley in such 

Fig, 72. a manner that it may act 

parallel to the inclined 
side, parallel to the 
base, or at any angle 
that may be required ; 
the other force is repre- 
sented by a weight placed 
in a scale attached to the 
other end of the cord. 
See Jig. 72, 

The chief use of the inclined plane, considered as a mechanical 
power, is in the construction of convenient ways for the transmis- 
?J**D of heavy loads, which are to be raised to some particular 
^^^t by but a small expenditure of power. 

The ladders used by brewers to lower casks into a cellar ; 
the inclined plane down which a ship is launched. Applica- 
tion in fortification, in the inclines by which you ascend a 
rampart. In what direction is a force applied most advan- 
tageously upon an inclined plane ? When must the horses 
exert the greatest force in drawing a load up-hill ? 
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The iiyiH>thenuse will describe the screw-liiie aboa 
of the cylinder. Etctt part of thb Une which go 
the |vripher\- of the cylinder, asa^c, ede^ tfg^ is o 
the M\>rm or tkrtad^ and each sudi part lequires an 
of the triangle, aa'=:ee^=ee^. The distance of o 
the next. ac=re=e^, and which coincides with the 
corresponding porticms of the triangle, o'c'sc'e'a 
the breadth of the screw. 

If the screw-line consists of one continuous 
cylinder forms a mak screw ; if^ cm the contrary, ' 
the cylinder contains a winding caritj, it is called 
screw. The combination of both these parts consi 
chanical power known as the screw. 



§isa 

The working of the screw may be deduced fit 
-i?__j _i ,1 wrojffht rp^tinir on the inclin 
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Wbdng the weight or resistance to be orereoiDe, k the 

beight or distance between the threads, and r the rKiius of 

the screw. 

The space described fiy the poseer is to that described by tbe rtnM- 

<>'ue oi the drcMmfereHce of the screw to the distance between two oj 

^iheadi. 

Power is therefore eeononused the nearer the threads of 
the serew approach each other, i. e. as the distance between 
them is diminished as compared with the perimirter of the 
cylinder. In applying this mechanical power, either the 
icrew or the nut by its progressive motion mar be made to 
exert the power or overcome the resistance, according as the 
other revolves about its axis. 
The purposes to which the screw is applied are very various ; 
tt serves, 

}' To compress bodies tioseiy together ; as, for instance, in the 
°^erent kinds of presses, machines for stamping coins, vices, &c. 

2* 2b raise weights; as when it is used in adjusting guns; 

and, 

3; To produce uniform and dehcate morements, as in the case of 
°'vioer compasses, and the micrometer screws of different instru- 
Jnents. 

§ 131. 

The screw is occasionally used to set in motion sun-and>planet 
'^weels, the worm of the screw working into the teeth of that 
^Jeel which drives the gear, and by its revolution compelling the 
^heel to turn about its axis. Such a combination is termed an 
^'^^ screw, 

*^ machine is employed partly to raise loads — as the adjust- 
'^ent of cannon— but principally to show delicate and uniform 
^J^lar movements in various instruments; ex. gr., liamsden's 
^^viding Machine. 

§ 132. 

"ith the screw we conclude the catalogue of the mechanical 
P^^^ers. On comparing the remarks made on each of these simple 
yi^hines, it will be found that all the laws which regulate equi- 
Jj^rium in each, either depend immediately on what was esta- 
blished with regard to the lever (§ 116.), or may be deduced from 
the principal laws of motive powers (§ 111. Obs.); we are con- 
'^Uently constrained to regard the lever as the fundamental 
"|*^*n«. Again, as all compound machines are merely conibina- 
^^08 of the simple ones, it follows that the lever furnishes thefun- 
^*'*'»eiUal law for the entire theory of machinery. 

The simple machines do not meet the Tequvx«m^iv\& oC qaIvsaI 
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Kgvdto the dificfcnt cases of friction, the inost importjuit point 
^be seen to be, 
LThrt friction incrcMes, 

•. Am like pressure or veight is increased, 
it. As die areas of the sur&ees in contact are increased. 
t, As the roughness of the sur&ees is increased. 
1 Thst fiietioa maj be diminished, 

c Bj liiswning the weight of the body in motion. 

&• Bj mediamealljr reducing the asperities of the sliding 



c> Bj liMsning the amount of surface of homogeneous 
liMlici io eontaet with each other. 

i Bj couTcrting a, sliding motion into a rolling one. 

^ Bj applying some suitable unguent. 

Ii order practicallj to determine the amount of friction in 
^J psiticulsr machine, bang weights to it until the machine 
JDit bq^ns to more. In this way the amount of friction is 
^^btaioed when motion commences, and (by 3) it has been 
'bovn that this always eioeeds the friction which obtains 
'fttt all parts of the machine have for some time been in 
Pbj. 



§ 136. 

^paHit, as has been shown above, friction is one of those natural 
^ vfaich invariably consume some portion of the power ex- 
''''vd io producing any motion whatever, and by consequence in 
J*ny points of view it may be regarded as highly prejudicial, yet 
> vieved in another relation we shall find that it is of incalculable 
Qfiotsge. Were it not for friction, nothing could be nailed, 
if^ed, or tied together, or even securely held in the human 
nuL All solid bodies, including ourselves and all other ani- 
ited beings, would occupy a stable position only upon a per- 
^j level plane, and all matter would present a smooth surface, 
% water, whilst the entire mass would endeavour to descend to 
slowest possible point and there settle.— Instance the unsteady 
It of a man walking on smooth ice. The bricks ranged one 
OD the other forming a wall that defies the violence of the 
nn, nay, the solid rock itself, which the hurricane fails to shake, 
! indebted to friction for their firm position ; deprive their 
terials of this property, and the slightest push would level 
m with the ground. — The revolution of a cart-wheel is owing 
Ihe rolling friction excited by the inequalities of the road ; in 
sending a hill it is frequently necessary to lock the wheel in 
er to increase the friction. 
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than tint of the solid onc^ the las of aMUhv power CTOainwl 
by the. former will exceed that siwf inrd bj the letter. 
CoDaeqaeBtly, in ertillenr, one object to be attained t« to 
make the nussiles of the densest powUe sobrtance. — The 
pieflRure of bulleta in a moaU, and the fctging of eannon- 
bdla. 

The laws laid down under the three preceding heads 
eoincide, howerer, with experience only ooder certain mean 
velocities ; with Terr high Tdodties, as with extrenielT low 
ones, the restrtance deereavs ; in the former ease, cfaieflT be> 
cause the compressed floid resumes the place made roid bj 
the moving bodjr with a Telocity less than that of such body, 
80 that a vacant space exists bdiind any mass that is projected 
with extreme velocity. This is the case with the motion of an j 
body through the atmosphere with a velocity exceeding 800 ft. 

§139. 

rbe resisting forces that have been explained in the foregoing 
agraphs cause the actual motions of bodies to deviate mate- 
ly from the laws established in the earlier part of this volume, 
! in accordance with which these very forces themselves have 
n illustrated, 

Pbus it has been said, that every body on which a momentary 
!e acts will move in a right line, and persevere in such motion ; 
lally, however, this does not happen. The impediments with 
ch we have now become acquainted oppose themselves to this 
ion, lessen the velocity, and, after retarding the body for some 
Cj bring it to a state of rest. 

^ descent of bodies falling freely is not a uniformly accele- 
d motion, but is one constantly approximating to it. When 
resistance of the air equals the force of the motion produced 
tenrestrial gravitation, this is fully seen ; hence it follows, that 
!)odies do not fall from the same height to the earth in equal 
es: the denser bodies more easily overcome the resistance 
red, because, with the same volume as others of less density, 
with the same amount of resistance from the medium, they 
e a greater motive power. 

A coin, for example, falls more quickly to the ground than 

a scrap of paper ; but in an exhausted receiver (as will be 

shovm presently), where the resistance of the air is nearly 

destroyed, both bodies descend with equal rapidity. 

[lie motion of a body on an inclined plane must evidently 

late still more from accelerated motion, since friction is added 

whatever impediment may arise from the medium in which the 

ly is placed. 

^ pendulum or a ball on a concave circular superficies (§ 37. )« 
leh bodiei^ hut for thesa modifying causes, wou\d be ^. Vvi^ii oil 

h 3 



the glass. 

'I § 153. 

' Bodies immersed in a fluid are pressed 

*'* with a force increasing as the depth. 

•! Exp, Tie a small bladder to a gla: 

a small portion of the tube, with 
,.| plunge the apparatus into a vesitel 

.' I will be observed to ascend in the tube, 

\\ to the depth of the bladder below the 

^ This pressure is eqvcd to the weight of a a 

r for its base the surface of the botfy, and for i 

the body*s centre firom <Ac surface ofthejiuid 
Empty bottles, if closely corked ai 
able depth in the sea, are sometinM 
means, and sometimes have the corl 
" Scoresbv relates that the wood of a 

« 

drawn by a whale 1000 feet below the 
consequence of the pressure, became 

!> that it would not float again, even aA 

If a cubic foot of sea- water, Paris met 
required the pressure on a surface of I 

i 1000 P. feet 

.V §154. 

}.' • If a pressure be exerted by means of ani 
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flwed die nitxtBuce to be comprened, W. In the ntrr 
tAt a u ■ piston, «, worked bji a leier, cbd, its short ■ 
ti diiTing the piaton while the power ii applied at if 1 

I^g. 81. 




ptessure eierted by the small pislon i on the vater at a U 
■nniiDitted with equal force throughout the entire mass of 
Ibe fluid whilst tbe surface at A presses up the piston S 
*ilh a farce proportiDned la its area For instance ; if the 
eylindet a of the force pump has a diameter af J an inch, 
»hile the great cylinder has a diameter of 200 inches, then 



a.200 = 4( 
leier to b, 
>nity of tl 






Next suppr 
. : 50, and i. 
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works with a force of 50 Ih., 
aquentlj descend on the water with a 
force of SSOOlb., and the head P will riw with a force of 
900.2500 = 1.000,000 lb. 1 if, according to Nicholson's cal- 
culation, we deduct llh for loss of paver caused by the dif- 
ferent impedimenta to motion, by means of this machine one 
□an would still be able to eiert a force of j of a 



This 



? paper, 



bay, gur 






Sec.; also in uprooting trees, testing the strength of ropes. 
«ce. 

Exp. In a glass full of water, immerse the end of a Dutch- 
tear. As soon as the glass thread of the tear which projects 
•bore the level of the water is broken off the uil recoils and 
. the tumbler is broken. This proves how iuBtsntaneously 
the concussion is transmitted through all the particles of the 

^■tet. 




equilibrium* only ^ 

by all thoae <m tliw siuftec of ifei 

ftom the c«iitr« of tibe earttL 

oa all thie particles of a flmd diat 

e.ftrth*s centre^ dw modTe fbrcea tkMS gci 

other, and the surfree » of miaMitj kmit 

sur^ee oi the tenestml spbooid. H«w 

ix^ lav in k]rdrostatics : — 

T%t turfiu a iif nmryjhnd ta a jiale tf 
wtariitbfy horixomiuL 

In accordance with this first law of 
ioids ober, ther can accttmulate or ftt? 
spaces — cavitMS or te aa e l s — as by the 
tfouDteract the teodeocy of the floids ti 
laterally. 

The <«NXTe\ 6]Cttre of the sea ; art' 
of adhmknt to the sides of the Tcsse^ 
If there be several fiuUb that do no 
will arran^ thenwelTies* even if they b 
oth^, as their spevnfic gravities dimiiusl 
densest fluid will be at the bottom of t) 
the top. the strata when in a state < 
horiaonlaL 

EjTp. In a tall narrow glass, 
some quicksilver, water, oil. alcol 
together these ingredients, and o 
the appearance s^K^ien of abore. 
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Fint Exp, Let A and o, ^. 82., be two glass vessels 
Pig. 8S. communicmting by the tube e. 

Pour water into one of them, 
and it will stand at an equal 
height in both, the surftces 
lying in the horizontal line k z. 
Incline the apparatus, the po- 
sition of the fluid will be 
changed, and equilibrium will 
not again be obtained till the sur&ces once more form one 
iMfizontal plane. 

On this property depend several applications to the pur- 
poses of the arts of life. The level at which a fluid stands 
in opaque vessels, as boilers of steam engines, gasometers, 
■tills, vats, and the like, is ascertained by means of a glass 
tube communicating with the larger vessel, and called a 
pHj^. — The subterraneous water obtained by digging for 
Vrings ; the water-conduits in towns ; the flooding of water 
IQ e^rs at high-water mark. — The effect of adhesion is 
P^Keptible on the imequal tubes when one of them is of very 
fine tore. 
^^^ different fluids are in commimicating vessels, their sur- 
fkces will be horizontal, but they will stand 
at unequal heights. — The levels of the differ- 
ent fluids will be inverady as their densities or 
tpecifie gravities^ because the forces by which 
they are pressed down are proportional to 
these densities. 

Second Exp. Into one end a of a glass 
tube (fy. 83.) pour some quicksilver, and 
at the opposite end c pour water. Equi- 
librium will obtain when the column 
c is about 13| times higher than the 
column of mercury a. 



§157. 

V two vessels communicate with each other, and the height at 
^cli a fluid stands in one of them exceeds the height of the 
^^^ vessel, then the fluid cannot stand at a level in these two 
?*k but will overflow the shorter one until there remains in 
^ taller vessel only so much of the fluid that its height shall be 
^^ to the height of the shorter. 

To this fact we trust in conveying water by means of con- 
duits for the supply of cities ; to this hydrostatic pressure, 
also, are to be attributed the springs and subterranean 
Waters met with in mining operations. 
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i is raised will depend on that of the column kf. This force 



Fig. 85. 







may be estimated bj means of wdghts 
laid on the plate. — As 1 cubic inch d 
water weighs about ^ an ounce, it fol- 
lows that there will be a pressure of 
1 lb. on a sur&ce of 32 square inches 
if the column of water be 1 inch high. 
Suppose a section of the cylinder A s 
32 inches, every inch of water in the 
column hf above the level a h presses 
with a force of 1 lb. on the bladder with 
which A is covered; thus, if ac were 
50 in., and the tube were filled op to 
the level c, the fluid would exert a 
pressure of 50 lb., which is equal to the 
weight of a column of water ahde 
standing on A and reaching to the 
level cd. The experiments that can be 
performed by means of this apparatus 
virill prove the accuracy of some of the 
laws given above. 

2. RedTa Water-preu consists of a 
strong and wide metallic cylinder of but 
low dimensions. A, fig.^S.y into the top 
of which a long funnel-shaped tube c 
is screwed. The cylinder is divided 
into three compartments by means of 
two sieve-like plates a and 6, the upper 
being moveable. Between the two 
plates is placed the body to be pressed. 
The compartment above h contains the 
fluid, water, spirit of wine, &c. that 
is to form the solution. If water is 
poured into the tube c, by the law 
before referred to the pressure on the 
fluid in the upper division of the re- 
ceiver will be increased in the same 
proportion as the column of the fluid 
in c is increased ; the fluid above h will 
then be driven through the body that 
lies between the plates. Now if the 
narrow tube be 50 Paris feet long and 
1 inch wide, whilst the vessel is 1 foot 
in surface, the water in the tube, whose 
weight is 2 Paris lb. , will exert a force 
in the extract receiver of 50*70 = 3500 
Paris Jb. 
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16 ft., it is required to find how many cubic feet of water will 
be discharged in a second. ^ 

M=0-621 . 2. 1 a/16-16-.3-311 ft. 

Let apf fig. 88., be an aperture in the ride of a vcswl, ex- 
Fig* 88. tending from the surface to 

a certain depth, or even to 
the base, in a pcrpcnflicular 
direction, it is clear that the 
water must issue thence with 
unequal velocities. Accord- 
ing to § 160. tlie vtlucity 
increases with the depth, in 
the ratio of the s(}uare roots 
of the columns above the 
aperture. Put the velocity 
eb at e, v, and its altitude a e = A, the velocity /c at /, v', 
its altitude A', the velocity gdAtg, v*, and its altitude A", 
then it follows 

»»:(r')":K)» :: h: A': h" 

The ratio thus obtained between the abscissae A, h'y W^ and 
tbeir ordinates v, v\ t/'y constitutes the parabola (§ 41.), 
Hence it appears that the water flows out in the figure 
^9 deb a, which is the section of a parabola, whose content is 

JA \/h, A being the depth of the lowest point of the opening 
l>elow the surface. Multiply this sur&ce into the width of 
the opening, and the product will be the quantity of water 
that issues in 1 second. 
Experience, however, invariably shows that a less quantity of 
^^f flows from an aperture than calculation by the above 
^ ^rem would lead us to expect. The difference between the 
^^Its may in part be accounted for by the mutual adhesion of 
•^ Particles of water, and also that which they show towards the 
^^*s of the vessel ; partly also by the theoretical laws of the fric- 
/?**of the fluid against the sides of the orifice ; by the resistance 
, ^'*e atmosphere ; but most of all by the contraction which takes 
PJ^ce in the stream shortly aflter it issues from the aperture : to 
r*is the name of vena contracta has been given. This diminution 
^ the circumference of the stream admits of the following ex- 
P'anation ; not only, as was at first assumed, does the water per- 
pendicularly above the orifice issue thence, but that which is 
"^'ind about it presses obliquely in all directions towards the 
*P«rture, endeavouring to escape from the vessel. 

The water in flowing out attains its smallest section at a 
distance equal to about half the diameter of lYie o^v^mxv^, «X 
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erpoise to the force with which the water is impelled, 
a column whose altitude is A indicates a velocity 

/ g , hy the velocity of the stream may hence be deduced 
y desired depth. 

J means of the stream measurer it has been discoyered 
the velocities vary at different points in the same trans- 
! section of a stream. The velocity is found to be greatest 
le middle, where the water is deepest, somewhere in m 
w the sur&ce, Jig, 92. ; thence it decreases with the depth 
Fig, 92. towards the sides, so 

that it is least at a 

and b. In order to 

learn what quantity 

of water will flow 

e through such a sec- 

1 in one second, we must first find the mean velocity by 

aid of a stream measurer, and then multiply it by the 

•erficial content of the section. 




§ 165. 

r fluid, as -water, issues from an aperture in the side of a 
be pressure on that side is diminished, being consumed in 
ion of the water. A pressure is, however, generated in a 
:al direction agunst those parts of the sides that are oppo> 
the hole by which the water has egress. If the vessel 
the fluid issues is capable of being moved in the direction 
•ressure, and the force of the stream be sufficient to over- 
e inertia, a rotatory motion will be imparted to the vessel 
posite direction to that in which the water flows. Segner^t 
is an application of the power thus obtained. 



Fig. 93. 




Exp, Segner's Machine con- 
sists of a hollow cylinder. A, 
fig. 93., which turns about a ver- 
tical axis, mn, and is kept full of 
water. At its base are several pipes 
for the egress of the water, whose 
mouths a are all in one direction, 
tangential to the circumference of 
the cylinder. The pressure against 
the sides of the tubes produces a 
motion of the vessel in an opposite 
direction h. The motion ceases if 
the water flow in an opposite di- 
rection from an equal number of 
tubes. 
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SO little^ as B, both the forces tend towards the position shown 
in Cy when stable equilibrium is guned, as the body floats on 

Fiff. 100. 





its largest sur&ce. If through the oscillations occasioned by 
its motion it assume the position D, it will again by the 
operation of the two forces resume its equilibrium of stability 
C. Lastly, £ represents a body whose centre of gravity lies 
below that of the column of the fluid; £ is in equilibrio. 
However, it may be moved from this position ; should even the 
solid's centre of gravity be raised above the level of the fluid, 
as G, the operation of the two forces would restore it to that 
of stable equilibrium, £. 

In ship-building it is of importance so to place the centre 
of grarity that the vessel may not be upset, even by violent 
concussions, but that it may invariably return to its original 
position of stable equilibrium. — Use of the keel in effecting 
this. — The due proportion and arrangement of the ballast, 
though important on other accounts, is especially so as fur- 
thering this object 

There are some bodies which will swim in more positions 
than one ; nay, some that will swim in any position whatever. 
To the former class belong the cube and the cylinder, when 
the centres of gravity of the solid and fluid the body displaces 
coincide. A cube will float in a position of stable equilibrium 
if any one of its sides is perfectly horizontal, and a cylinder if 
it be placed lengthwise on the fluid. If the centre of the 
solid's gravity in these bodies be not also their middle point, 
i, e. if they be not of uniform density, then the centre of gra- 
vity will continually descend to the lowest place, when they 
wiU be in a state of stable equilibrium. Hence it is clear 
why in the construction of rafts it is advantageous to unite 
the timbers as they f oat. Lastly, a g\oV>e is a bo^^> «a^- 

K S 



U bigbest above the level of llie fluid ; the c 
will lie in the dismelcr drawn perpendiculvl 
from tliis highest point. ,i 



It hu been already ($31.) oliMTTed that by t 
Grarih/ is meant the proportion subsisting bctwl 
weights of different lii>die« having equal voIud 
weight of distilled water being taken as unity. 
the specific gravity of any mibstance whatever, wi 
only its alKolute waght, but also that of an equ 
The most simple snd ready mode of effecting thi 
body in water. It will always be found to disp 
water equal toils own. whence the weight lost b; 
is equal to that of the fluid displaced. 7^ 
dauilif of a bodf ii, rmstjiwiitly. equal to the gi 
dividiitg the bod/a abjolule jrtigAt bf Iht iceight it 
Thus, eipressing it in ftenersl lenns, lei ' 
weight ofo body, and IB the weight lost in 
gTavily oTthat substance will be 
W 
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perfectly clean, and at some particular temperature. I( is 
usual to take either that at which the density of water is at 
its maximum, viz, 4(P (Stampfer says + 3}^ C, or 3^ R., 
which would answer exactly to S8]° F.), or else a mean of 

§174. 

The following is the method for determining the specific gra- 
vity of a solid immersed in water. Its absolute weight is first 
obtuned, it is then weighed in water, and the excess of the former 
above the latter will be the weight lost on immersion, and, as was 
Hid in the preceding §, the quotient obtained by dividing the 
absolute weight by the weight lost will be the specific gravity 
sought 

A piece of platinum weighing 52'15 gr. = W 
lost on immersion - 2*50 gr. =s w 

whence the specific gravity of the platinum, 

W 52-15 
» = — = — --- B 20-8. 
w 2-50 



§175. 

If the body under examination be specifically lighter than 
vater, in order to immerse it, it must be connected with some 
^i^stance of greater specific gravity than water, the absolute 
^gfat and also the weight lost upon immersion by the second sub* 
**nce being previously known. From the weight lost by the 
<^mbined bodies deduct that of the heavier, and the remainder 
**U be the weight of the volume of fluid displaced by the lighter 
"^y. The quotient found by dividing the absolute weight of 
l^c light substance by the weight of the fluid it displaces will be 
'ts specific gravity, which must of necessity be less than unity. 
A piece of white wax weighed 50 gr. = W 
copper „ 888 gr. = W 



t> 



Weight of the two substances » 438 gr. = W + W 
lost on immersion by the two =95*8 gr. = w + «;' 
„ „ copper « 44-2 gr. = w' 

„ „ wax =51*6gr. = u; 

.*. the specific gravity of the white wax is 

W 50 

« = — =-^7-^ =0-969 
w 51-6 

If the substance be of such a nature as readily to imbibe 
the water pn account of its porosity, as, for instance, most 
species of wood, the following is the cowsa adopted ; — The 
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§181. 

very fluid, whose mtomi, by Tiitoe of their predominating 
s of repulnoii* hare a tendency to fly further from each other, 
t necessarily expand so as to occupy a coatinually larger 
e, until it meets with some obstacle that limits iu further ez- 
ion, or till some counteracting force cancels its tendency to 
and. 

^uHibrium, or rest, can therefore be estaUished in aeriform 
ies only when their further extension is checked on erery side 
some boundary, or when a force of compression or attraction 
i upon them equal to their own force of expansion. 
Is every liquid exerts a pressure on the sides of any ressel 
ttaining it, so elastic fluids exert a similar pressure in all 
ections upon the surfiices by which they are bounded ; ibis 
ssare is equal in all directions, and proportional to the force of 
MDsicm. If the resisting medium c^r an equal resistance on 
ades, the gas, by virtue of this eccentric expansibility, will 
tome a spherical form. 

Soap-bubbles, and the small bubbles which rise in water, 
have inyariably a globular figure, and show the eccentric ex- 
pansibility of atmospheric air. 
If the boundary of the solid which limits the gas does not en- 
^ with it, or if the force of the latter exceed the solid's co- 
ison, then disruption takes place, and the gas escapes In that 
'eetion where the rupture happens. If, on the contrary, this 
lundsry be subjected to an external pressure equal to and con- 
inporary with that which ^t suffers from within, these two forces 
iiuiteracting each other, no escape will be allowed to the gas, 
overer thin and weak the solid itself may be. 

§ 182. 

All these fluids are in like manner susceptible of compression 
1 179.); i, e. by means of some external force the repulsion sub- 
'^^ between their particles may be overcome, and their mass 
^Uced to a smaller volume. The component atoms will con- 
^uently be brought closer together, and their mutual repulsion 
^ be increased ; t. e. the expansive force and the density of the 
'Old increase in the same proportion as the compression. When 
'^ eternal force ceases to act, the tendency of the fluid to ex- 
)tnd developes itself uncontrolled, and this impulse is obeyed till 
^^Q fills its former space, and its expansive force recovers its 
^ttilibrium. 

§ 183. 

iJ^J^ elastic fluid, in addition to the action of its molecular 
^''tt. be subjected to an attractive force from some oOaw bod:^ 
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§ 185. 
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bodies^ maT be taken as dte repicaentatii 
B to this form of bodies what water i 
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the air agaistt tbe Ta>e e. soc« h «f«en$ 
6owBwmrds, will p rer gct the escape cf anv air 
frani R ; when/ has i^ain arriTevi at* K a 
frcsfa chai]^ of air rashes in at an apenin|t« A 
made for this purpose in the crUnder. Br 
continoallj repeating the process already de- 
scribed, the air is more and more cvH)dcn!«r\) 
in R. Condensing svringcs of this kind ai^ 
used in charging air-guns. 

The following may serve as instanced of 
motion generated by the compression vt tbv 
air. 

First Exp. A liquid may lie foreetl to n 
considerable height up a tu\M b^ TKi«K\\% «X vV\i 
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^henoe it again descends the pipe t f to c ^jxs maistai=i:« 
*ti umntemipted jet-d-eau so lof^ i tb<i« is water in «. 
iWA ^ap. J»« CarUnoM DenL This is a welUkm^wn 
^figure, constmcted, as >5,. 107. show^ so that it nwv 
J'tff. 107. float in a vessel of water above whose lovcl 

a small portion of air is confined, in such 
a inaimer that if this air be ci>niprcs»iHi» 
the figure will immediately descend, and 
rise again to the sudace when this fi>ro« 
c^ses to be exerted. This is thus ct>n- 
trived : m the middle of the figun* fi \n 
a capillary tube 6, through which so nuu'h 
water is admitted into the interior t)(' tho 
body that its specific gravity in littli* Iom 
than that of the water it iii to fltinl in. 
Having thus adjusted it, the figuro In (o ho 
immersed in a widc-moutluMl glitM ovi«i' 
^mch a piece of bladder ha^ been strauKul^ \\\ wvVvt Vv\ w\\- 
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ibtr iecoaij hk, reache< from the ton »»f tho 

,-^-. lowi-r vess<'], ami tiTinin.itcs just 

below the lid of the upper one. 

Care must l>e taken tha: tlie 

air i» not ailinitteil at thosi' 

part* of the eistern'i" throu;;!! 

which the jiipe's pass. The 

upper vessel is first tilled with 

water throujrh c r/, tlie st«>p-eock 

^havin"! been previously t ikeii 

otf; when the cistern is lull 

the CiK'k must Ik* replaeeil. and 

the external air exciutieil. Now 

pour water into the basin no, 

that tits (Ml tlie upper ciotern, 

the fluid will tind its wav into 

• 

the lower ves^-l at J\ thronirh 
the tube c f. llv this nuins 
there is exerted on the air in i/, 
above the fluid, a pressure |»i«»- 
poitioned t<i the hei«iht, /'«, of 
the coltnnn of water ( Jj I .'•*<. ). 
The air thus cotnpressi-d risis 
throu<;h hk into the uppi-r \essi-|, 
transmitting; the pressure, as in 
the Hero's Hall. t«i tlie water in 
it, which is t'orceil tnit .it r in .1 
column whofic height is proportional to tlie heijrht id' if. 
The fluid discharged by the jet is received in tlie basin nn, 
wbence it again descends the pipe ef to //, thus inaiiit liiiiii'^ 
•D uninterrupted jet-d'eau so long as there is water in a. 

FwrthExp. The Cartesian Ihvil. This is a well- known 

glass figure, constructed, as jiij. 107. shows, so tli.it it m.-iy 

Fig* 107. float in a vessel of water alxive wlui-- • K-m! 

V *■ a small portion (d* air is eoufimd, in smli 

'-' a manner that if this air be eonipr. •.sid, 

the figure will innnediately (leseend. and 

rise again to the surface when this tim-e 

ceases to be exerted. This is tlmv (mmi- 

trivcd : in the nud<lle <if tiie fi<;iiie n is 

a capillary tube A, tlMoii;:li whieh so rmeh 

water Is admitted into the inteilnr of the 

body that its s])ecific -^nivity is little less 

than that of the water il is to iio.it in. 

_ Having thus adjusted it, the rij.^ure is to be 

immerseri in a w/de- mouthed jjilass ovev 

^^tpeee of bladder has hvvn sf rained, in imVx Vo eow- 
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Ton Guericke, burgomai^r of Magd« 
this machine in 1560. vhen he ethitl 
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tbe eUitie force of the air, haie beeo 
the manipuUtiDn of which is tedioua, 
given to the air-pump inalead of one, ■ 
and more rapid nreiaction of the ob 
piston in one barrel being made to ut 
desceniis. The most seriaus defect 

the fforrd, but thnl it mnalncd be^ 
barrel in the tpace gr. Jig. lOB. 
filled with air of the ordinarj deniit] 
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iiue of the pulon the friction will be lessened, and the whole 
^11 be reiulered more perlectly air-tight. To diminisb to 
tbe utmMt the apace between the bottom of the barrel and 
tbe piaton-Tod, the form of a truncated cone is given to the 
latter, so th«t its eitremity may be brought as nearly as pos- 
■ible into absolute contact with the cock E ; this apace is 
llierefine rendered indefinitely small, the coiing of the oil 
4>irn the barrel contributing still further to lessen it. The 
BidUDge-eock E has the double bore fdrea^v &e»^t\!oe&,a^ 
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roluxne. Call V » 1 the volume of the air at 32^, then at 
o 

V=a (1 + -00208 

Next let S, f, represent the specific gravities or densities 
of nmilar masses, which, of course, are inversely to their 
volumes (§§ 4. and 31.) whence 

S :•::»: V, 

and consequently the specific gravity of ur at any tem- 
perature whatever, is 

• = s — 

V 

But at the normal temperature 32^, S » <rhf ai^d V » 1, whence 

1 

* ** 770 » 
For t assume 132°, then 

1 I 

S s 



770(1 + -00208 X 100) 93016 

n like manner the specific gravities of other gases may be 
id, by admitting them into a flask from which the common 
has been entirely exhausted, and then ascertaining the 
;ht In such cases the specific gravity of dry atmospheric 
It its greatest natural density is assumed as unity ; the tem- 
tture being that of the freezing point and the barometer 
ding at 30 inches. 

Suppose now that the quantity of dry atmospheric air 
pumped out of the flask was 20 gr., that a gas was then 
introduced weighing 30 gr., its specific gravity will be thus 
expressed: g a 1*5. 

§193. 

*ince our atmosphere, as has been shown already, is a pon- 
)U8 elastic fluid, it must display the same peculiarities as we 
^e acquainted with in liquids, modified, however, by its 
'pressibUity and expansibility. 

^y virtue of its weight the atmosphere exerts a pressure not 
'^y on all bodies below it, but also on its own subjacent par- 
^ The absolute amount of this atmospheric pressure was 
t discoTered by Torricelli (1643), a pupil of Galileo. 

First Exp. Fill a tube about 32 inches long, and from 
2 to 3 lines wide, with mercury, the other end being either 
secured by an iron cock, or else by its being hermetically 
^ed. Close the open end by pressing against it with the 
finger, invert the tube and plunge the open end into a cistern 
of mercury ; remove the finger, and the metal will not 
escape, but remain at a height nearly 30 incVx^a abois^ \!ck& 
levd of tile quicksilver in the cistern. 

F 
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opposite extremity of the tube has been immersed in a vessel 
of water the fluid will fill the tube. 

§194. 

The atmosphere can exert this pressure only if no other force 
loanteract it. If the counter-force be exactly equal to the weight 
}fthe air, no effect is produced; if it be less, the atmosphere 
presses with a force equal to the difference of the forces. The 
pressure is perceptible only when it acts in one direction, t. e. 
when there is a vacuum on the opposite side of the body to that 
OD which the air presses. 

The following experiments illustrate this fiict. 
Ftrit Exp, Lay the hand on a cylindrical receiver open 
at top, exhaust the air, and it will be firmly held down by 
the superincumbent air. — For a similar reason, concave bo- 
dies hang to the lips when the air is withdrawn by means of 
the mouth. This furnishes us with one means for testing 
the density of air in an imperfect vacuum. 

Second Exp. The receivers are firmly fixed to the plate of 
the air-pump entirely by the external pressure which is not 
counteracted by the rarefied air within them. 

Third Exp, The force of the atmospheric pressure is most 
strikingly shown in the Magdeburg hemispheres. They are 
two hollow hemispheres of brass or copper, whose edges fit 
accurately, each hemisphere being furnished with a strong 
ring or handle, one of them also having a tube, thtft fits into 
the screw-hole of the plate, and a cock to shut off the com- 
munication. — Place the hemispheres one on the other, ex- 
haust the air, turn off the cock, unscrew it from the pump, 
put on the handle, and it will be found that a great force is 
requisite to separate the apparatus. If now the superficial 
content were 100 sq. in., and the height of the mercury were 
30 inches, then the pressure would be exactly 100 x 14*75 
e 1475 lbs. ss 13 cwt. qr. 19 lb. If now the greatest force 
that a horse can exert for a short time be 700 lbs., it would 
require 2 horses to pull the hemispheres asunder. — In 
Guericke*s experiment, referred to above, there were succes- 
sively from 14 to SO horses harnessed to the hemispheres, 
which were 2 feet in diameter, without effecting a separation ; 
when more horses were added, the hemispheres parted with a 
loud report. 

Fourth Exp. Tie a piece of bladder tightly over a low 
glass cylinder about 4 inches across ; extract the air quickly, 
and if the bladder be well dried it will be torn asunder by 
the pressure of the air with a loud noise. 

If the top of the glass be covered with a thin plate of glass, 
a similar consequence will ensue. 

F 2 
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he shorter tube into the glass A, whilst it escapes at the 
tame time through the longer. By the discharge of the 
urater through r§ a vacuum is created in A ; the pressure 
>f the air within is less than that of the atmosphere resting 
m the fluid in the glass, whence it rises up the tube n m. 
e pressure of the atmosphere, transmitted as it is in all di- 
ns, prevents the efflux of liquor from a small aperture in a 
unless the pressure be admitted to the surface of the fluid, 
is a fact abundantly confirmed by experience, and in accord- 
with which several useful pieces of apparatus have been con- 
ed. The following experiments may still further illustrate 
observations. 

The vent-peg is raised in order to adroit the air to the sur- 
ace of any liquor which it is wished to draw off from a 
»sk. 

By means of the atmospheric pressure water (and other 
iquids) may be kept in full vessels, whether the aperture in 
:be vessel be large or small, care only being taken that the 
)pening shall be under water : other gases, besides common 
lir, are thus introduced into receivers. 

The pneumaHc irouffh is a vessel of wood or lead, of either 
in oval or oblong form (Jig, 127.) : it has a moveable stage 

Fig, 127. 




r bridget bb, above which the water is to be poured to the 
eight of about an inch ; in the middle of the bridge is a 
)und hole o, communicating with an inverted funnel t, under 
'hich the tube ^« is brought, that conveys the gas it is 
ished to collect. Bell-shaped glasses filled with water are 
aced above the hole in the bridge. The gas passing through 
e tube at s into the water, ascends the receiver F in the 
rm of air-bubbles, and expels the water thence. In order 
preserve the gas, it is advisable not to fill the receiver quite 
II ; a small quantity of water left at the bottom of the re- 
iver, will cut o£F the gas from commumcatioxi -^nVVSlv. \Xv« 
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Insert the lobe proceeding irom the retort, or other Teuel 
whence the g>s is obtmiited, into the guometer it this open- 
ing, and u the bubblo of gu rise to the top of tbe mter in 
B, they will eipel the latter ■( k. When the giuge Ebowi 
that a full supplj hw been obtained, take out the tube and 
secure the aperture A. Hie gai may now be taken off uiher 
■tdore; if at the latter point, in jan, as B, preiiously 
charged with water. To cause the gu to aacmd, water muM 
again be poured into the upper cylinder, and the communi- 
cation a be re-opened, if jou intend to take it off at d; K 
jou prefer taking it in a receiter at B, open the cock r. 

Sixth Exp. Fill a glass to tfae brim with water ; cover It 
with a sheet of sufficientlj stiff paper, so as to eiclude the 
air from entering into the glass; press the paper firmly against 
the rim 1 iDierl the glass quickly ; remove the support, and 
both paper and water will be supported by thi: upward 
pressure of the atmosphere. 
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tube, whos6 open end being turned up, has a spherical form. 
The globe performs the office of the cistern described in the 
other barometer ; the scale is graduated firom the same point 
in both these instruments. 

As in barometers of this kind the distance o n of the two 
sur&ces of the mercury is the height of the barometer, it 
follows that the scale must begin at o, the leyel of the quick- 
silver in the cistern or bulb. If it do so at any particular 
height of the mercury, yet it will no longer coincide when 
the column rises or falls in the tube, as a rise or fall must also 
take place in that which is contained in the cistern. By 
making the cistern yery wide as compared with the tube, 
these changes in the level of the cistern are rendered 
almost imperceptible under ordinary circumstances, so that 
for common purposes the variation in the level may be 
disregarded; if accurate measurements are required, the 
level of the mercury in the cistern must be regulated by 
tome such mechanical contrivance as Fortin and Horner 
have invented. In the common barometer these d\ff«t«cw^^ 
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consequently be reduced to one standard temperature. For 
this purpose, it will be most accurate to assume 32^. The 
most exact experiments of Dulong and Petit have fixed the 
expansion of the mercury in the barometric tube at ^^ of 
its volume with every additional degree of heat, and a cor- 
responding contraction for each degree of heat that may 
be deducted: thus the increased altitude of the column 
caused by the heat for T degrees above the freezing point 
must be deducted from the height as shown by the baro- 
meter, and for T degrees below tiiat point it must be added 
to it. Hence we have the following formula by which to 
correct the barometer : — 

b^B (l ± -^\ =B(1± 0-0001 001 T) 
V 9990/ 

B being the altitude observed, T the temperature of the 
mercury, and b the correict altitude. 

§ 20a 

The barometer may be used not only to measure the pressure 
of the free or natural atmosphere, but also to determine the 
density and expansive force of any other gas. 

For this purpose, it is the most convenient and exact guage for 
Aowing the degree of rarefaction attained in the receiver of an 
air-pump ; applied to this purpose, it is called a Barameter-guage, 
-* The object proposed can be attained in two ways ; either the 
external pressure of the atmosphere can be made to drive the 
mercury up the tube till the desired degree of exhaustion has 
been r^ched, or the column in the guage may be made to sink as 
the exhaustion proceeds. In the former case, the difference be- 
tween the altitudes of the barometer and that of the guage shows 
the density of the rarefied air ; and in the latter the guage itself 
*hows it. The degree of rarefaction is found by dividing the 
iltitude of the barometer by that of the guage : thus, if the ba- 
'ODieter stood at 30 inches, whilst the guage stood at 1 inch, the 
*v would have been rarefied thirty times ; if it stood at a line, 
^ea the air has been rarefied 360 times. 

A barometer of the first-named sort consists of a glass tube 
about 33 inches long, its upper end communicating with the 
receiver that is to be exhausted, whilst the lower is plunged in 
a cistern of mercury. The scale commences from the level 
of the mercury in the cistern. — These guages are liable to 
the same source of error that was noticed in the cistern-ba- 
rometer. (§199.) 

The other, generally known as the Syphon gtiagei fig. 111., 
is a shorter syphon* shaped barometer, about six inches in 
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fari4rite^s Manometer is shown in /ig, 1 37. The sur&ces 
Qj of the mercury a and 6 will stand at the same 
level so long as no steam is admitted. In the 
space be above the quicksilver is some air of 
the ordinary density, the tube at c being her- 
metically sealed. The steam is admitted at d^ 
and so pressing on the surface a of the mercury 
forces it above its natural level b, and com- 
presses the air in 6 c. The scale from 6 to c 
marks the force of compression in atmospheres. 
The greater width of the tube at a is therefore 
necessary, in order that the level at a may not 
be .materially affected by the ascent of the 
mercury above 6, a being assumed as the zero 
of the scale. Instead of this construction, that 
represented in ^ff. 1 S6. may be adopted if the 
tube c6 be hermetically sealed at 6, and the 
scale be graduated according to Marriotte*s 
law. 

§ 201. 

iges in the altitude of the barometer at the same place 
regular^ and in' part extremely irregular. The regular 
ecur almost always at the same time of day, attaining 
linima and two maxima. They show an ebb and flow 
I the atmosphere, similar to what we observe in the sea. 
ey are very small, the oscillation seldom amounting to 
1 line, and for the most part observable only in the 
The irregular changes in its altitude are much 
degree than the regular, and also are more frequent 
ble as we approach the poles ; for which reason less 
id by us to the regular alterations in the height of the 

greatest depression of the barometer occurs daily 
4 A. M. and f. m., and its highest elevation about 
f. and p. M. In summer these extreme points are 
d from 1 to 2 hours earlier in the morning, and as 
later in the afternoon. — The greatest changes at Peru 
[ only to a few liues, whilst in Germany they amount 
m 2 to 3 inches, and further north they even exceed 
st measure. 

je of the irregular changes in the barometer's altitude 
)erate and frigid zones, appears to be principally the 
iriation in the wind, which is produced by the altera- 
1 the temperature and form of aggregation of the hy- 
nbined with the atmosphere : these changes are more 
e during the winter than during the «xmme.t ToautK*. 

Q 3 



^H MnEncis till ii becomes comleDwdiDlatE^iqDi 
deKMids to tbe eaith u rain. Tbe caiue of tbi 
mggie^Htiim is to be Tound in tbe altention of 
■ud tbe winds gcnented b; thii altentitm. Tl 
great part of w«tf m Europe it nujr be aBiuDRl 
rule, tbat jooih wind!, irhiih ate moiilj' iraim 
produce the lowest, and nortb winds, which usu. 
and dm, prodiure tbe bigbest elerstion oT ll 
-hilM its mean altitude shovs that the wind bio 
ialenneiiiate qunrtei between N. a»d & A rii 
wind n attested by nidden oscillations in Ok 

atccnt of the mercurj, but more commoolir ■ 
depreasion. Successive rising and biting of ' 
frequently precedes ihowctj weather. A com 
Tation of (he eulunu), bowecer, is not imariabl j 
dry, nor ia a low state of tbe mercury an indulnt 
of a moist state of the atmospbete, as both tbi 
the atmosphere and the nature of the wealbe 
affected by current* of air; so although the 
used as a iccalhrr-glait, it cannot in this e' 
plicitly relied on. 

j 303. 
Since tbe altitude of the barometer dcpendi oi 
the atmosphere, and this force again is alTected by 
tbe column testing upon it, it is clear tbat a ' 
^jj f will eiert a less pr em ure and tu»l«n » le» 
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that only a shorter column of mercury will be sustained by it 
Analogous ccmclusions may be drawn if the process be reversed ; 
the height of the barometer will be increased by descending 
from a greater elevation to a less. 

It is well known that the sur&ce of our earth is not uniform, 
consequently it does not sustain an equal colunm of air at all 
points, whence the mean altitude of the barometer (§ 1 99. ) will 
yvy at different places ; for similar reasons this altitude gradually 
increases at the level of the sea from the equator towards the 
poles, (a) 

As has been remarked above, a very important application of the 
harmettr is measuring the heights of mountains. 

Since the length of the mercurial column invariably depends 
on and is proportional to the atmospheric pressure, if we know 
the law by which the altitudes increase, we can determine the 
Terence between the elevations o^ two places, their mean baro- 
OKtric altitudes being given ; or, this difference may be found by 
observing simultaneously the heights at which the mercury stands 
^ the two stations. Now it has been demonstrated mathema- 
ticdly that the pressure of the atmosphere decreases in a geometrical 
pngression, as the height of the place of observation increases in an 
ofiihmetical progression, (b) 

In order to measure the height of any place by means of the 
barometer, the altitude of the mercury must be accurately observed 
ijoiultaneously at both the lower and upper stations, the loga- 
nthms of these two barometric altitudes found, and the less be 
sobtraeted from the greater. The difference will be proportional 
to the difference of the elevations of the two points ; and in order 
to express this last difference in some known measure of length, 
the logarithmic difference must be multiplied by a constant num- 
ber previously found both by practice and theory for the various 
Pleasures of length. — The same process must be gone through if 
the mean barometric altitudes of the two stations are given. 

If great accuracy be required, the calculation becomes more 
complex, as allowances must be made for the influence of tem- 
perature both upon the mercury and the atmosphere; beside 
▼hich, r^ard must be had to the degree of moisture in the air, as 
▼ell as to the irregular variations in the height of the barometer 
It the places of observation. The improved construction of 
instruments, and the exact formulae deduced from mathematical 
investigation have rendered this method easy of application, and 
oompaiatively free from error. 

a. The following heights of the barometer taken at the 
level of the sea for the various degrees of latitude, the tem- 
perature being 32^ Fahr., may be considered as tolerably 
exact approximations, according to Munke's experimental 
and theoretical observations ; many anomalies may still be 

q4 
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LATIONS SUBSISTTNG BETWEEN SOLID AND GASBOVS 
ES IN THE ATMOSPHERE, AS BEOASDS THEIB DIF- 
;NT DENSITIES, AND THE PRINCIPAL CAUSES OF AT- 
'HEBIC DISTUBBANCES. 

§203. 

IS been already remarked that if a solid be completely 
ed in a liquid, the former loses such a portion of its 
as is equal to the weight of a similar volume of the fluid 
). Now since our atmosphere is a ponderable fluid, it 
that every body contained in it, being subjected to this 
1st lose a portion of its weight equal to that of the air it 

a£Bsct3 the aecuracj of our resdlii Vn ^tttexiiaaEKm^ * 

ft 2 
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then the whole weight which it is required to raise in the 
airsO*S927 d^ x + B. Let a lb. be the weight of a cubic 
foot of air of mean density and beat ( = ^th the weight of 
1 cubic foot of water), so the weight of that mass of air which 
the apparatus will displace will be 0*3927 </' a, whence the 
upward force of the ballo<Hi 

/=0-S927 d^ a- [0*3927 d» x + B] 
=» 0-3927 d» [a— x]-B. 

If the ur contained in a Montgolfier be heated to 212^ F. 

it will be expanded 0*375 of its volume (the freezing point 

being assumed as unity), and will therefore be just that much 

lighter : substitute for this decimal the vulgar fraction }, and 

F 
call the entire weight of the included air F, then from — 

deduct B, and the remainder is the force with which it will 
ascend. Now, as hydrogen gas, when prepared in large 
quantities, is never more than nine times lighter that the 
atmosphere, the ascending force of a balloon inflated with 
this gas will be | F, whence the upward forces of these two 
kinds of balloons are as } : |=3 : 8, or nearly 1 : 3, whence 
a balloon filled with gas may be one third the size of a Mont- 
golfier in order that it may mount with an equal force. Gas 
obtained from coal is on an average half the weight of at- 
mospheric air, so the upward force of a balloon filled with it 
s: I F, and the forces of three balloons of equal dimensions, 
filled in these three different modes, will be as 1 : 1^:2^. — 
Reason why balloons are not completely filled with gas ? — 
Use of valve at the top of ,the balloon. — Use of ballast. — 
Mode in which the Parachttte acts. 

§ 206. 

^f the air at the same distance from the earth's surface were of 

l^^^orm density and elasticity throughout, no motion could occur 

^ ^e atmosphere ; but such uniformity does not obtain at difFer- 

^^ places, nor does it remain undisturbed even at any one place. 

r^Hsequently, complete repose does not prevail in the atmosphere, 

^^9 from various and frequently from small causes, the equilibrium 

^ 9 fluid so easily set in motion is frequently'disturbed, and the 

^^^^ements generated, according to the variety in the exciting 

^Use, are transmitted with a greater or less force and velocity, 

^^d extend through a wider or more limited space. These cur- 

^^ts of air are known under the appellations of Winds, Stormtj 

^ HurriameM, according to their respective velocities ; sometimes 

^^^ are named from the regions of the earth in which they pre- 

^'sil, and at others from their peculiar characteristics. 

£f air thus set in motion meet with any Te&\slai\c^ \\. n«VA. «isitt 

K 4 
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§ 207. 

It has been demonstrated above, that as regards the strata of a 
mogeneous atmo^here, they will arrange themselves according 
their specific gravities, the lighter rising through and floating 
ove such as are more dense; such an arrangement, however, 
>es not obtain, when the atmosphere contains various vapours 
id gases, not even if they are those which constitute it On the 
•Qtrary, it has been found that all gaseous bodies, without chemi- 
^y combining, extend and mix one with another so uniformly 
At gases of most unequal densities are found in juxta-position. 
Even gases confined in closed vessels display this tendency to 
1 equilibrium of mixture, if separated from die atmosphere, or 
m some other gas, by a porous lamina. Thence arises a 
uversal and reciprocal mixing of the gases, carried on through 
e capillary tubes of the containing vessel. This process is 
oken of as the diffusion of gases, and closely corresponds with 
- Endosmosis which obtains under similar circumstances be- 
een Huids. (See Exp, II. § 54, 

It is a well-known fact that our atmosphere consists of 
oxygen and nitrogen. Though the latter Ls specifically 
lighter than oxygen, and does not enter into a chemical 
combination with it, yet at every possible elevation these 
two gases have been found distributed in one uniform and 
constant proportion. 

First Exp, If carbonic-acid gas, which is about half as 
heavy again as common air, be put into an open vessel, in a 
short time a stratum of the gas will be found only at the 
bottom of the glass ; and in no very long period this will be 
dissipated, and the glass will contain only the atmospheric 
air with the same quantity of carbonic-acid gas as the rest of 
the air in the room. 

Second Exp, Fill a flask with any gas, close the mouth 
with a piece of moist bladder tied pretty firmly ; if the gas 
be heavier than the common air, let the mouth be upwards ; 



i same stream of air, which moves by the revolution of the earth from the 
ator to the poles, brings to us, in its passage from the equator, the oxygen 
erated there, and carries away the carbonic acid formed during our 
ter. 

The experiments of De Saussure have proved that the upper strata of the 
contain more carbonic acid than the lower, which are in contact with 
3t8 ; and that the quantity is greater by night than by day, when it undcr- 
I decomposition. 

Plants thus improve the air, by the removal of carbonic acid, and by the 
ewal of oxygen, which is immediately applied to the use of man and 
nals. The horizontal currents of the atmosphere bring with them as 
ch as they carry away, and the interchange of air between the upper and 
'er strata, which their difiference of temperature causes, is extremely trifling 
en compared with the horizontal movements of the winds." — Liebig't 
ionic Chemistnf qf Jigriculture and Physiology, p. 2S. 
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same velocity as the non-elastic fluid, whose Telo- 

he first second of time is 2 ^/gh (see § 161. )• Now 
only to determine the altitude A. Let the density 
r at the orifice be represented by d^ the pressure of 
It on the base of the vessel — the height 6 of a oo« 
mercury, and lastly the specific gravity of the mer- 
then, according to § 156., 

d\q\\h\h 
.'. A = 6 -^ whence is deduced the above 




nee d varies as the temperature of the air varies, it 
that 9 must do so likewise; ex.gr,, when the ther- 
' stands at the fi-eezing point, and the altitude of the 
it is 30 inches = 2J//., rf = ^ (§ 192.), q = 13-59; 

7 13-59 ^ „ . 

h or h-r — 2'5. — ~ « 26,160 ft,; allowmg g — 
» TTO 

we obtain 



r=2v'16T>5. 26160 -=1296 feet. 

tmosphere will consequently rush into any space en- 
almost void of air with the velocity just found above, 
g the density and pressure to be what we have as- 
The remark made concerning liquids is true also in 
of elastic fluids, that the actual velocity falls short of 
id by theory. Schmidt says, when the side of the 
ig vessel is thin and the aperture is small, the actual 
is only 0'52 of the theoretical, but that if fimnel- 
;ubes be inserted in the orifices, the velocity may be 
' 0*6 ; this, it will be remembered, corresponds with 
s observed in liquids. — After these deductions have 
ide, such high velocities still remain as will clearly 
for the loud report which accompanies the discharge 
'ms, as well as the combustion of explosive mixtures, 
detonating gas and the different detonating salts. At 
nent when combustion takes place, the combined 
pand with prodigious force into a larger space, thus 
instantaneously an almost absolute vacuum in that 
lich they had previously occupied, the surrounding 
es in to fill up this room with such violence as to 
loud noise. 
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turn obOj aiMat the azia ai the cock, 
whilst the gam contained in the hiarfiier 
makes its escape throng than. The 
fcor orifices stand, as shown by thcarrows^ 
tai^cntially to tiie perxphoy of rotation. 
Prns the gas oat of the bladder, and tiie 
crooB-tobes will rsToWe in an opposite 
direction to that in which the corrait of 
air escapes. In both experiments a mo- 
tion is obtained similar to that in Seg- 
ner^s machine, § 1 65. 

The recoQ of cannons and fire-arms, 
the ascent of rockets, the rerolutiao of 
cathenne->wheels, &c. are all owing to 
this reaction of gases against the sides of 



SECTION VI. 



UNDULATIONS. 



§209. 

: different parts of all bodies are ordinarily held, through 
operation of cert^dn internal and external forces, in a condition 
quilibrium. Now, if the constituent particles of a body have 
1 disturbed by any cause whatever (provided they have not 
1 carried beyond the limits within which the stability of their 
ilibrium is confined), they will return again to a state of 
)8e. This is effected by the particles alternately approaching 
position of rest and receding from it, until, after some time, 
ilibrium is restored. The movements thus generated are 
ned undulations, vibrations, or oscillations. 

§210. 

rhese movements are of two kinds. In the first, the undu- 
on successively traverses the different parts of the body ; those 
tides which have been immediately excited by the disturbing 
se communicating motion to such as are next them, and so on. 
this case the movement of the particles is successive, so that 
position they assume at any particular moment during the 
tinuance of their motion appears to advance from one place to 
ther. This constitutes a progressive undulation. 
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mpinging on each other, when this form will pass into its con- 

'erse, and viee vertd, as is represented in ^g, 142. by the con- 

pj ,^2 tinuous and dotted lines. The points 

^' ' m and n, which bound an elevation 

and a depression, continuing at rest 
during the undulations, are termed 
^'odal Points, 

§ 211. 

Bodies of all three forms of aggregation admit of these vibra- 
ions being induced in them ; the movements, however, are modi- 
led both by the form of the body itself, and by the nature of the 
ixcidng force. Such forces are either purely internal, as elasti- 
-ity, which is the principal agent in solid and aeriform bodies ; 
*r external, as gravity, which causes this kind of motion in 
luids. 

An acquaintance with the laws of undulations is on many 
^counts of great importance in the pursuit of physical science. 
^ur perception of sounds by the organs of hearing depends en- 
irely on the vibrations of sonorous bodies communicating an un- 
lulatory motion to the air by which we are surrounded. The 
ihenomena of light and radiant heat may also be most satis&c- 
orily accounted for on the hypothesis that there exists a certain 
mpcmderable medium which is put into a state of undulation ; 
easoning from analogy, too, it seems probable that other effects 
'bich are commonly attributed to the motions of different im- 
onderable bodies will admit of a similar explanation. We shall 
ov proceed with greater exactness to consider the most im- 
ortant laws by which these movements are regulated in solid, 
aid, and aeriform bodies. 

I. Uin>ULATIONS OF SOLID BODIES. 

§ 212. 

Such solids as possess a sufficient degree of elasticity can alone 
e made to vibrate for any length of time. Many bodies of this 
'asB, as cords and membranes, acquire the requisite elastic force 
f means of tension ; in others it is an innate property of their 
Htts, as in rods and plates of metal, glass, and even wood. 

Bodies of a lineal forin, as, ex. gr., tense strings and fine wires 
re susceptible of three distinct kinds of vibrations, that is to say, 
tth bodies may incline from a position of rest on both sides in 
le direction of their length, or they may alternately extend and 
ontract, or, lastly, their particles may move about the axis, alter- 
^ly advancing and receding. The first and most common 
iovement is called a transverse vibration, the second a longitudinal, 
^ the last a vibnitioa of torsion. 
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sntiy it caaiiot retain this position, but moyes on with a con- 
ntly deereaniig Telocity till it arrives at a<f 6, where its velocity 
i& Tlie foroe ofteosion again brings the cord back to afb ; 
recedes again till, as has been just shown, its velocity is anni- 
ated, and so on. — One complete movement from ac& to adbt 
d back to aehj IS termed an oteiDation or ot&roh'on, and the 
ae occupied in peHbrming it is called Uu time of an oscil- 



Tbe principal laws whidi have been deduced from both theory 
kd eiperiment leqpeeting these vibrations of tense bodies are the 
Uowing: — 

1) Hie TilinitionB are perfectly i»ochranous, or occupy each an 
[uai duration of time ; in this point resembling the oscillations 
^ the pendulum. 

8) The number of vibrations in equal successive portions of 
OK increasea, or, in other words, the vibrations become more 
Vfki (a), if the force of tension, or the body's elasticity, be in- 
Nsied, and that in the ratio of the square root of the force (b) ; 
'the string be shorter, in which case the number of vibrations 
^ be inversely as the lengths ; and (c) inversely as the diameter 
f the cord is greater. 

Let S, f, represent the elastic force of two strings ; L, 2, 
their lengths ; D, cf, their diameters ; and N, n, the number 
of vibrations in any particular unit of time ; then the above 
laws may be generally expressed in the subjoined formulae : 

^ •*• LD* ID 

and if the times of an oscillation be represented by T and f, 
the times being inversely as the number of oscillations, we 
have 



T :* = 



Id ' LD 



§ 214. 
If a body in a state of tenuon acquire a stationary undulation, 
inch that it becomes divided into several vibrating parts, then 
'W parts will all be of equal size, they shall all vibrate with 
JjQal velocities, but those which are contiguous in opposite 
'^'^ons, and the number of the vibrations will be inversely as 
'^ siie of the parts. 

Exp. An undulation of this kind may be very plainly 
shown by means of the tense wire ijig* 144.), thus : Press on 
tilie uppermost quarter of the wire with two fingers of the 
left hand, whilst with two fingers of the right hand you 
press on the lowest quarter, draw the wire thus held in 

s 
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M»m. "ntii u clcvly seen if « poliibcd knoti 

ft** MttMMly of lh«' rod. — On ibis depend 
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!S with tbat of tbe nodal lines. 
Flff, 147. will render tbe 

ftg. 147. 




to be understood. 
mm, hh are tbe nodal 
lioes, tbe areas bounded 
bj tbem and marked + 
are derated, tbose 
marked — aredepressed. 
Tbe figure beneath 
shows the undulation, 
supposing the plane to 
be intercepted by an- 
other plane at right 
angles to it in A B. 

How the existence 
of these nodal lines may 
be rendered yisible will 



ye shown presently in treating of sound. 



n. UNDULATIONS OF NON-SLASTIC FLUIDS. 

§217. 

a depression be made at any point in the surface of a fluid 
state of rest, either by dropping a solid into the fluid or 
amersing and then withdrawing the solid, an vndulation 
be produced. Around the point of depression there flrnt 

a circular elevation above the level of the water when in 
brio, and immediately beyond this a corresponding doprcs- 

this constitutes a circular undulation, Tbe wave is ])ro- 
ve, forming continually enlarging concentric circles further 
iirther from the point at which it originated. A succession 
ves will arise and traverse the same course from the plnco 
i the first arose, and this process will continue so long an 
articles of the fluid are in motion. Thus the movement of 
iate elevations and depressions in concei^tTic c\icU« %i)«\^ ox^ 
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bab«wiotlM dircdioii in which the 
•Im filiita MUnaa ■gain to it> fanner portion in 
MHt hi^ bo^ abore and (he otber half betaw- 
tuii. Ewy particle at the fluid thus put in mi 
tnqparta ■ amilar motion to its conli;n>ou« particl 
•ha arlL tad « Ihe muvemenl it piopagaial. 
panide imiil IbenlbiT begin to moyi: at a poi 
■baa lh« prrmiini! ; and conaequeDtly M any pa 
tbt OMncmcOl of eacti individuai particle in its a 
will dtttwt ttota that of tho otbera in height, ben 
(be §tM ilerivn i*f undulating fbroL The 
aempiai tht lutte pUdv, and Ibe moting fonn ■ 
h aaralT tb« figure ortbu ouTtc in which the in 
of tb» Botd lib lliia U obrious if you obie 
B th* vaiv* oT the sea is almi 

ig ami fUlinf with the elevations and d 

F^. M». i% intended to illiistrat 
•akvortiiuplleilir, wa will consider only eig 
F(f. 148. 




£5fl 

later tfam its na^Aaar nen zt on "die ieft 
hand, tfaen, at the iutant viaea m has eaaxp^tud ooe entiiv 
reTolntioD, the aeeond vill be fdi cf a 7eT>Lii!Dtian bc^dad it, 
yiz. at 7 ; the diird, fchs bdubd it, tul ai € : aztd the ftnxnh, 
fifth, sixth, aevYiith, md eighih, at the pcrints 5. 4. 5. 2. 2, 
respectivdy ; vfailst the ninth pardcic: is bvt jsss beglcniag 
to move. Connect the points a, T, 6. 5. 4. S. 2, 1, ■^ and 
the line win repiresent the form of the fluid's sax&ce at that 
precise moment of its undulation. From this h vill be per- 
oeived at onee that the radius of the ciide. described br eadi 
of these particles, is equal to the height of the elevated or the 
depth of the depressed portion of tbe wave, and also that 
each wave adrances a distanrp equal to its own length in the 
same time as eadipartideaccompliriies its revolution. Again, 
those particles whidi lie below tiie surface of the wave have 
their equilibrium disturbed simultaneouslv with the super- 
ficial particles, so that, to a certain depth at least, the sue- 
oesnve strata assume a position parallel to that taken by the 
surface. Tbe brothers Wd>er in their experiments found 
that in water this sympathy extraded to a depth below the 
snrfiu^ equal to the altitudes of S50 waves. 

§ 218. 

If progressive waves impinge on solid objects which check 
^eir further advance, a backward movement of the waves will 
^ns&e. This reflexion of the waves is owing, not to the elasticity 
^ the particles of the fluid, but is occasioned by the action of 
I5»vity; it obeys precisely the laws which regulate the impact 
^ elastic bodies, whence it follows that all the points in a wave 
**B be reflected from the surface of a solid under the same angle 
^ lohich they struck it, 

Lines drawn from the point at which the impulse is com- 
iQimicated to a circular wave to different points in the circumfcr- 
^^ of the circle, will express the directions in which these points 
^ respectively advancing. Such radiating lines are appropriately 
7fnied rea/s of undulation. Those drawn from one centre of impiil- 
**on are diverging, those drawn from two such central points at 
^^ infinite distance asunder are parallel. Rays moving from 
*eir centre of impulsion against any solid body, as, ex. t/r.i 
'*ft cb, cwdy fig. 149., are said to be incident i those which, 
*^ impact, recoil from the resisting object, are reflected myn, 
^ their direction is determined by the law given above ; that 
^ to say, the angle of incidence which the ray mfiVvn with n ;wfr- 
^^dieukut, drawn through the point of impaet, v* w\\xi\ \.v> iV 

f S 
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Bnx durii^ ihi(. 




from f. iaat iJimnm- fc — ff : anc ifan 

, all 1^ i Mfl— W- TBT«^ if praducpd. «» i a.} ti, 

in c a jKont af ic ad tbe mat «idf- ef m r as 

uMUj g of impidBaB r vat m ibe dtiieT side. 

^le Bus efond rf^ adwatei cd. an£ akxi 

ri — ix, OTfl* and r =, « f — /^ jmc r t" — th. 

d ^ do and r^ ^ ^£. cr cr. and rf« jd« 

D0-. But ru cz. ep are mdii of the arr 

mbo ma^ mk, aq are zadii of a csrralar «:K^r«, 

Lsua^iue to Isw ipmngf from a jb a <xsiu>b» 

_ « • i 9 r resnits as an enure re4«ct«d "v^tTte 

ij sBoafl cbdes v^iicii otigi ual e ax all i^ points 

parts of tbe on^nizial cimilar vatx; suc^ 



I 219. 

If the solid from wfaidi the vare is r e6ec te d ba^e ikh a pUnc 
imt a cnnred mi i C w r , then the rajs will be thrown off firom such 
<^ sor&oe in directioBs aosvering to the cunnes, and tfi« path of 
^e returning ware maj be deduced from the laws laid down in 
^e preceding aeetioo. On account of the results arising ftxHii 
^^ reflected wa^es, as they are met with in the case of sounds 

light, and heat« ihecircl^v 
the ellipse, and the |>iira- 
bola possess peculiar in* 
terest. 

All rays of undulatum 
proceeding frttm tho ot^n- 
tre of a circular vum^I 
containing a fluid will 
impinge perpondiculnrly, 
and at the iwmo iniititnt 
on the boundary} fW>ni It 
they will be reflected, and 
arrive again togetlii>r at 
the centre. 

If an undulation bv t*ii- 
citcd at ono focun, fi, /ig> 
*^.)0f an ellipse, all the rays diverging from thii yulnt will be no 

s 4 




UNDULATIONS OT NON-HLASnC FLUIDS. 965 

U meet together at the focus h of this second p«T»- 

motion of the waves described above is owing to these 
>perties of the parabola, — that, at any point c of the 
:he angle ack will be equal to the angle tel, if te be 
[ to the aiis ; and secondly that the sum of the lines ae 
is equal to that of af and fg. 

td Exp. These properties in the movement of undu- 
propagated in a parabolic surface, may be experi- 
ly shown, by filling a vessel of the required form with 
y, and proceeding as in the preceding experiment, 
lust be taken that the curves have a common axis, and 
e sides fit when pat together. 

3cted from a very small circular arc will in their direc- 
[imate closely to those reflected from a parabolic 
Fig, 153. boundary. The focus of such 

an arc Hes at the distance of 
half the radius from the centre 
of the circle. 

Ijct mbn, jig. 1 5^,^ be 
an arc of a circle, frc its 
'f radius, and a a point 

about half-way between 
h and c, then eat^ab, 
and if the arc 6^7 be as- 
sumed very small, then a b 
may be considered sa^ / 
cag will therefore be an 
equilateral triangle, and 
angle y win be o an^ X. 
gf paralld to be, then angle x»ang)e t^ and eoB- 
tlv angle jr=r angle jr, and angle a»att^^, as in fbe 
la. 

5230. 

lolse be c mi i mi if ii cated at two points in tiie snf& c e ti 
i the wave» tfauA generated will intercept eadi a^mx, 
bees wfttn tb» o€€mn then will be a thamgt m tfce 
vaves^ If two efevatMM meet m csactiy <i ff twH 
^ tierztUm fjf4imiAe dbe hti^^ wiB be frn d mnd -, W 
I'XA rri Wt , a depre«ww </ dotiMe d«f<ib wSk W ifn^- 
'd ^z. •^Lir%^ianri azA a JUyn^mtm mittt, tfce: ^ndbee «f 
^ rtsaib ^Betf£«t«ri«tlr «Mii t*— firinr w ig l^ 44&C9:. 
1 > r.r . Tii-~ d C y/g. » t«yaM4 tW wte^ftrw** «f »*•«* 
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As water wm the liquid whose phenomena most demanded 
our notice, so in bodies of the class now under consideration 
the atmospheric air is that which may serve as a type of all 
other gases, and the results fimind to obtain from its move- 
ments may be held true of theirs. 

§ 226. 

If a vibration be imparted to the air at any point whatever, it 
will be com m unic a ted to the surrounding particles, which will 
recede, in consequence of the facility with which they move 
Among each other, with equal velocity in all directions, driving 
before them all those particles which lie in their path. Each of 
these, because of its inertia (§ 27.), opposes a certain resistance to 
this movement, and the air, by virtue of its compressibility, be- 
comes condensed ; consequently, the movement of the particle 
originally excited lasts only until overcome by this resistance. 
Hence there is formed about the point of impulse a sphere of air, 
yhich attains its maximum density at its boundary, at the very 
instant its further expansion ceases. The reaction of the con- 
densed air then opposes the expansive tendency, the sphere con- 
tracts, and the particles resume their former positions. During 
this contraction of the particles originally set in motion, the undu- 
ution is imparted from one portion of the atmosphere to another 
St continually increasing distances from the original centre ; thus, 
>t the moment when the particles on which the impulse was first 
impressed, have recovered their former places, the undulation is 
transmitted to an equal distance in all directions. The radius of 
this hollow sphere of air, or the distance the undulation had tra- 
versed when the first particles resumed a position of rest, is called 
tile length of a wave, and the entire sphere compressed within these 
limits constitutes a wave. 

From the above explanation it follows, that the time of a par- 
tide's vibration, or the time which elapses whilst it attains its 
greatest density at its exterior, and thence returns to a state of 
rest, is exactly equal to the time in which the motion is propa- 
gated through the entire length of a wave, i. e. through the 
radius of the spherical cavity. 

If the cause which excited the undulation continues to operate, 
there will arise a second, third, &c. wave within the first, and con- 
centric with it. This radial propagation of the undulations can 
take place with equal velocity only when the atmosphere is 
equally dense and equally elastic in all directions. If this is not 
the case^.the vibrations do not succeed each other with equal velo- 
cities in all directions, and consequently such a wave cannot have 
a gpherical form. 

Let c. Jig, 157,, be the point of impulse of ih«Nvbt«Xv(»N!&\ 
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>nd they are supposed to advance in the direction a c. Let 
the ordmates nm and op represent the velocity with which a 

JFig. 158. 




I^^de n and a particle o vibrate at the same moment ; in 

®|"er words, let it represent the intensify of the vibration, then 

^® line amfpb will be the curve of the intensity of the first 

^^e that proceeded from a ; and if similar significations be 

'^^ched to the ordinates, q8,vu drawn to the line he, which 

*"***" Jts the further progress of the wave, we shall have hsguh 

?J^e curve of the intensity or velocity of the second wave. 

^ i^ow another undulation arise, in the same direction, at 6, 

^ t>eginning of the second wave, having a velocity 9r at 9, 

^locity vw bXv, then the force of both systems is increased, 

^^ the particle at q acquires a velocity qt ^ qs + qr; that 

^^ a velocity vx sa vu + vw, and the curve of intensity 

^^erated by their combined operation is the line btgxh, 

^^t if the points of impube a and 6 be only the length of 

^^To wave apart, as represented in^^. 159., then the particle 

Fig, 159. 




at 9 acquires from the wave that starts from a the velocity qs; 
the particle at v the velocity vu ; and from the wave at b the 
former particle receives the velocity qr, and the latter the 
velocity vw; but as these directions are exactly opposite the 
one to the other, the intensity of the vibration at 9 is 
qs—qr — qt; at v, vu—vw = ux; and htgxhc is the curve 
of intensity formed in this case. Thus arian^ed, \^^ ^^^kcga 
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c hodau tbcB can alone prodncc mosical toundt. Elasticity 
Uei tiw n*^ j^Mug BBodve pover which, like gtwerity in the 
of the pcndulom, wnttaiw the permanence of the undulation. 
•Me aofid bodies poMtai the requisite elasticity by rirtue of 
Mil ml aRaagcaoent of their molecules; to this class belong 
nd metak* staei especially ; then glass, and even wood ; to 
n we impast die necessary degree of dasticity by aaeans of 
ion, as, ex. fr., to metallic wires, catgut, and animal mem« 
CL To excite such undulations in aeriform bodies, we con- 
tbem in tubes. Recently even liquids have been made to 



§ 234. 

lese Tibrations can be ezcited only in those bodies whose di • 
ioos ot length or breadth exceed their thickness. For the 
uction of musical notes we commonly use either rectilinear 
mrilinear bodies, as tense cords, metal and glass rods, or co- 
is of air inclosed in cylindrical or other tubes ; or else bodies 
nttii^ a targe sur&ce, either plane or curved, such as mem- 
ss strained tight, plates of glass or metal, and bells. 
neal bodies may consequently perform either tramsvertef /oa- 
hialj or torsion vibrations (§ 212.), but bodies which have an 
ided superficies can vibrate only in the first of these modes, 
n, a body may vibrate as a whole throughout its entire ez- 
or it may b& divided into a number of aliquot parts, those 
h are conterminous moving in opposite directions ; in other 
Is, a stationary undulation may be induced : where these 
s meet, the body will be at rest. Thus in cords, rods, and 
ar bodies there will be nodal points, and in bodies with ez- 
id surfaces there will be nodal lines. 

bese musical undulations may be induced by various means 
itable bodies ; for instance, by friction, by impulse, or by a 
'. The actual existence of such vibrations as have been de- 
ed may be rendered visible by placing small light bodies in 
act with the excited body, when they will be seen to acquire 
oilar movement. If you stop the vibrations of a body that 
ving out musical sounds, the sound will cease at once, and so 
the vibrations of the attached bodies. 

First Exp. Attach a small ball by a string to a bell, ring 
the latter, and the ball will be seen to vibrate. 

Second Exp. The string of any musical instrument, if it 
be made to give out musical sounds, will by its vibrations 
jerk off small pieces of paper that may be laid on it. 

T%ird Exp. Strike a tuning-fork, and touch the surface 
of a mass of quicksilver with the tip of the fork, and the 
fluid will begin to undulate. 
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then sbortcn it, its ezeursiona will be more rapid \i 213. '. 
and aeeordinglj the note produced «iil b^ higher. 

r^ ii still more difficult to explain how we are enabled to ap- 
"^iate the qmality of a sound, thou«rb the faculty of dlstinfruish- 
sonnds is one in constant exercise : when notes eijual in 
ensity in height or depth are produced by li liferent bodies we 
able readily to distinguish one from another, anil can x^sizn 
im to the bodies from which they rcnpectively proceed. No 
isfiictory explanation has yet been pri^en of the emotion by 
klch, for instance, we distinjruish the human voice from th.it oC' 
»ird, or from the tones of an instrument. 

§ 236. 

The capacity of the human ear for perceiving the vibrations of 
•dies is confined within certain limits. It has been deter mined 
iperimentally, that the lowest note we can appreciate is that 
^uced by a body's performing 3-2 half- vibrations, or Ir' i:n- 
iilaes, in one second of time, and the hiprhest whvn it perfi'rni'i 
^Kmt 16,000 in the same space of time. A fine ear i^, however. 
ble to recognise, as a distinct sound, a kind uf hi.v«ini! noi<e nuJe 
>7 1 body performing 4S,0CO haIf-vibration.s or 24.000 puNo. ui 
^«eond. 

Chladni adopted the following simple method for ileter- 
nuning the number of vibrations made by a body etiilicin;.; 
musical sounds. 

Exp. A strong uniform strip of steel, several fuet iu ieiiiit!-. 
about six lines in width and one in thickness is to be seen re! \ 
fixed at one extremity in a vice, in such a manner that «he:i 
the free end is set in motion it shall make 1 2i) haif-\ ihrutioit's 
or 60 pulses, in a minute ; it will then make 2 ot' the former. 
or 1 of the latter, in a second. Fasten it a second iiiue \\\ 
the vice, so that the free end shall be only half as \on^ j« At 
first, then the number of half- vibrations in a •(^'cond «iU Iv 
4'2=8(§S15.). Halre this again, so that one- fourth of ih^- 
original length shall vibrate, and we shall ha\e for the nundvr 
4*8^32, and the half-vibrations will now constitute a note 

1 96. ** Tbe nusfmani and minlmuni of the intrrvaN of «iiirer4«i«^ yvAw> 
l^ippredable \tj the esr ai determinate foundf. hate a!«o brrn JcCrcii'iur%t 
p M . Ssrart, more utiAfactorilj and more ai'ctiraCfly ihan hatt |'rf«u>u«lt 
*^ done. If their intensity is mffiriently irreat. •o'uiul* art* «iill aiuuM* 
*Bdi reiQU from the suceesiion of 4H/ion half-vihratiiMH. or ai.iHV iii>|>tiiK-». 
■ineood , and this, probably, is not the extreme limit in a»-u(eiie.t» oi wiiiui> 
Hrenciblc by tbe ear. Again, the sound resulcini; from 3'i h4li-«i!'t«ii\>n«. 
orlSnapuIses, hi a second, it not, as has been siipp«>*etl.tlie lo«e«i «i>i>ir\-MMe 
BjMs: ea the concrarr, M. Savart has succeeded in reiuli-tmic •I'uiid^ at^libU* 
*"U were produced by only 14 or i*« half-vibratlon«. or 7 or * iiii|MiUe#. in a 
*ttsd: sad sounds stilL deeper might probably Im» hoard if the tiidividu.il 
~~' " • safidentij pruloogtii. ' ' — MUtUr't i'Ayiioiocy . y • 1^&K». 
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which together fonn Ihe moit 
r, they are C, E, and G ; this 
tad. Id this instance, again, it 



■greeible combmalioi 

timnii^ three DO 

tffan that the i 

■bapiicity of the Tibrations, for in the time that the fundamental 

noli C peifoims 4 TibrBtions, ita third E nukea 5, and its fiHh 

6 S. This combinatitm of the fundamental note C with the 

Hot thiid E and the fifth G is called the ptrfitt major chord. 

Without entering ililly into detail on this part of Acous- 
tin, we may add, by way of supplement, a few remarks on 
tbe chrontatic acale, and also explain what is meant by eetit 



By glancing at the table of tbe diatonic HSBle> it will be 
9Ccn that the BCTeU intervals, though nearly equal, do not 
eiactlj correapond ; consequently it is not possible to keep 
up the harmony of the notes if any other than C be selected 
aa tfan fiindamental note. To enable us, then, to select some 
Dthe'r note than C, and do away with the inequality sub- 
siBlIng between tbe 7 intervals of the diatonic scale, imn- 
ionea have been introduced between the mtire tonta, i. e. 
between the fundamental note and the second, the second 
and third, the fourth and fifth, the fifth and sixlh, tbe sixth 
and seventh, and the octave is thus made to consist of 8 en- 
lire, and 6 semi-tones. This scale, whicb contains IB inter- 
vals, is called the chromatic teak. But even in it the 
diflerences between the intervals are not perfectly equalised, 
though in practical music it is assumed that they are. To 
make the 12 intervals of every ocUve fall exactly, the dif. 
ference must be so distributed among all the semi-tones of 
the octave, that when sounded they do not bear an exact 
ratio to any fundamental note whatever, but the deviation 
is so small that it is not perceptible. When a 
has been tuned in this manner, it is said to have ar 



Hie equal inleival obtained between all the n 
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ceUve, by straining a string with a power four times greater 
tiiaa the original power. 

Second Exp. The truth of these remarks can be tested if 
the string be strained by means of weights, such as are used 
in Fischer's and Weber's monochords. 

Lastly, the strength of the string and the material of which it 
u made materially affect the height of the notes, which will be 
iiigber in proportion to the strength of the string (§ 211.), and 
the elasticity and density of its material. Thus with equal ten- 
don, steel-wires yield a higher note than brass, and these again 
^catgut. 

fhird JExp, These fects may also be proved by means of 
a monochord furnished with weights to strain the string. 

§240. 

A string vibrating transversely may be divided into many 
^^wating portions ; in other words, it may assume the form of a 
ititiQiuiry undulation. This movement may be communicated 
^ t string by touching it at any aliquot part of its length, and 
^en drawing the bow of a violin across the part thus marked 
^ The whole cord will instantly divide itself into equal por- 
^OQs, and wherever two are conterminous there will be a nodal 
P^iQt. The greater the number of such parts into which the 
*^g is distributed, the higher the note, and the numbers of 
^^'Tatiims will be inversely as the dimensions of the individual 
P*«8. (§213.) 

Exp. This arrangement will present itself as you per- 
form the fourth experiment described in § 234. — The 
height of the notes will be found to increase as the number 
of vibrating parts : half the string will yield the first octave, 
a quarter of it the second octave, an eighth the third, and 
80 on, of the fundamental note — Notes of a flageolet, 
JBolian harp. 

§ 241. 

-^an of a cylindrical or prismatic form are susceptible of 

L^Osrerse sonorous vibrations equally with cords. But as such 

^^^lies are elastic in all directions, and consequently their clastic 

*'^5e acts not lengthwise only, their vibrations do not obey the 

^r^^^ laws, nor are they excited in the same manner as those of 

-tin similar bars the height of the note is directly as the thick- 
^*« and inversely as the square of the length. — ChladnVs Sono- 
^l^*«r, § 236. The degree of the body's elasticity greatly influences 
r^^ character of the note ; thus steel gives a higher note than 
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Fint Bxp. irtbeplatdijfy. IS3., be itm«] with fine 
id. uid held M the point a, shilst tbc bo* be nude to |Ma 
b, the figures there depicted wiil in each cu 
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:riking effect is obtained by making the same figure on 
plates of equal size and similar tbrm, and then so arrang- 
m as to make one figure on a larger scale. The figure 
-oducrd will be both a compomid and connattd ooe, and 
may not unfrequently be met with on a large plate. 
Si:cimd Eip. If a Urge square be form^ out of four 
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uares, bearing the figures (Jig. 163.) I. and II., we ihall have 

1. 1(>4. and 165, 

If a large square plate, .f!$(. 164, 165., be held at o, touched 

a', and a bow be drawn across at A, umilar compound 

ures will be generated. 

Wi, the Chinete Tam-lam, or Gong, are practical appli- 



-I- 
-** ••« ::... .. : •• 

''■''•'-■^. :- .:. ■ 

."■ ir -. . 

"■' -..-:. J. '■' 

••'■• J-.-.. 

I ■ *■• . I. T n" 

•'•■.• ■•■-.» 

■ •■'• C*.i- -. . 

*>...■-., . . .*V o 

- *. . . s; -. 



• ■ ■ ■ . ■ 




INAETICULATI AVD AETICOLATX SODXIM. 28^ 

F. OfiU Organs of Voice. 

§250. 

The organ* of voice in man and in the inferior animals closely 
WBemble those instruments in inrhich the air is rendered sonorous 
wy means of an elastic mouth-piece. 

The human organs of voice are the trat^eoy or windpipe, the 
'■rjiiur, and the cavity of ike mouth. The lungs and chest act like 
the bag of a bagpipe, the trachea answers to the pipe ; at the 
^>ead of the trachea is the larynx, which is the principal organ 
Ul producing the voice. The larynx is a widening of the 
upper part of the trachea, over the opening to which two semi- 
cureolar membranes are stretched, so as to contract the trachea 

• 

into a small cleft called the glottis, which is narrowed or widened 
tt will, according as these membranes are exerted or relaxed. 
Besides these organs, especially formed for producing the voice, 
^e have the roof of the mouth, the pliant lips, the ready tongue, 
Aitd the nose, by the aid of which we variously modulate the 
*oimds we utter. 

§ 251. 

The organs just named are thus used : in expiration the .air 
Pttses from the lungs through the trachea and larynx into the 
'Douth. If the glottis be open, the air passes without obstruction, 
^ its motion is inaudible ; if, on the contrary, the membranes 
^ the larynx and glottis be contracted so as to narrow the aper- 
^e, the air is driven through forcibly, and these membranes 
^Qpart their vibrations to the current of air. In this manner an 
^*^euUUe sourui is produced ; and it is plain that the mode in 
^hieh it is generated is closely analogous to that in which rou- 
^^ notes are excited in clarionets and other similar instruments. 
(§246. 4.). Different impediments are offered, at the pleasure 
^the speaker, to these pulsations of the air, which he checks 
^th the tongue, lips, and teeth, thus presenting very differently 
formed apertures for the escape of the air, by which means the 
'('und is modified so as to make that variety of tones called articu- 
laU founds. 

The air which produces the voice has two passages in the 
mouth, one at the head of the trachea, which the tongue can 
close more or less exactly, and the outer one, which is 
opened and closed by the lips. By opening or closing one 
or both of these passages we form those sounds called by 
grammarians vowels; the consonants are made by impeding 
the escape of the breath by means of t\xe \Aii^^> Xv^*^ ^^ 
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II. TRANSMISSION OF SOUND. 

X. TyansnuMSton of Sound through Atmospheric Air, through Watery 

and ihro^gh solid Bodies. 

§ 255. 

It has been already shown in §§ 231. and 232. that for us to 
be able to perceive a sound a conductor is required that will con- 
neet our organs of hearing with the sonorous body ; in the same 
psrt of this work the characteristics of such a conductor were 

mentioned. 

The moat general conductor of sound is our atmospliere. It 
ii in contact with our orgarts of hearing, and, being cu-extcnsive 
^th our earth, it necessarily touches every sonorous body upon 
it Being an elastic fluid, it is peculiarly adapted to transmit the 
pulsations of sonorous bodies by its own undulatory motion in all 
directions with equal velocity. Every vibration of the sonorous 
Wy produces a progressive wave in the air, which moves in a 
dinwtion perpendicular to the sur&ce of such body. These un- 
^lations are called waves of sound, and every riglit line, perpen- 
dicular to their surface or to that of the sonorous body, is called 
* ray of sound. It generally shows the direction whence the 
'ound emanates ; for which reason we always imagine the sonorous 
^y to be in that direction in which our ear is afiected by tlie 
^ys of sound. 

From the explanation just given it follows, that the mo- 
tion of the air in the transmission of sound is distinct from 
its sonorous motions. In the former case it merely extends 
the motions generated by some other body by its progressive 
waves, in the latter it assumes a stationary undulation. 

§256. 

When waves of sound are excited simultaneously in different 

I^Wes, each advances, according to the laws of undulatory motion 

(§ 220.), independently of the other. Where they meet, they cross 

®^h other's path, and after this intersection each pursues its 

^urse unaltered. From this circumstance we may comprehend 

^ow several sounds and notes may be heard at once. It is only 

** their points of intersection that they affect each other, by 

^^'ding to or diminishing their force, or even by neutralizing each 

^^er, when interference arises. 

Exp. Hold a tuning-fork in a state of vibration, so near 
to the ear that its tone can be easily distinguished ; if its 
handle be turned round with modeiate c^\ftkxk»8&, \1 V^ * 
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TIk ^ffgloctfy vitb 'w^ucfa a wwc: oT aoaiic advanDB in 
eeor£ng to ex^Mximeni i a 1 » afaont 4 timB gitaaia Uom iii^ 
'doeitj m air. It a i wi*inm> to C70fe» £bs is a ■■■ """^ llu» i^ 
iho prettj Borhr it» xate is ioe. 

The TdacitT «f MKmd in aolid Ini£bb lai 
9ted, as oirBct ftj>Biiineni4 can xarehr be 
cientlj eitr ot Wd aedle. It is ^ojtswSh bebevod 
^■iBfliitt aooad mait ^fnacklr, fait widi br ao aDeaDs equal Te> 
Jodty. (b) 

a. Tbese ospenflBente VCR mdebr CoQadoaand Stvnn 




in the Lake of Gcwa. (Coan|Hre § S2S.) 

b. BioC feoad, bj direct e tjwiliwrg it, tbe Tdontr of sound 
in east-iron, onng pqws SOCX) feet in Icngtli, made lor tbc 
pui'poee of eoBfciin^ valcf mto Puis ; be infcnns us tiiat 
it b 10| times greater tban in atr. Chladni has inferred 
tiwt sound trards in tin 7^ in eopper 12, in iron 17(?), in 
glass 17, in diflcrent kinds of wood from 11 to 17 timet 
quicker than in air. 

B. Of the Strength or Intamty of Sound, 

§ «59. 

The force or intensity with which the emotion of aoiind In px 
^ted depends on the violence of the impulse which tlio rondtioti 
of the sound impresses on our organs of hearing. In thin vlrw 
the matter, the greater or less susceptibility of the orgntt to M 
predate sound forms no part of our inquiry. Tlitt muNim whi 
immediately afi^t its intensity are the nature and Niii« of thi* i 
dulations made by the sonorous bodv itself} n«it« lli«* nntiiri 
the medium through which the souna Is trftnsmltttNl i ftiid l««r 
the distance of the sonorous body. 
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ECHO. 29' 

Blows struck on a diving-bell 30 feet below water may h 
distinctly heard at the surface, but a sound immediatel; 
above the water will not be audible to persons within thi 
belL A noise in the open air is plainly heard in a room i 
the. window be open. The striking of a clock is rendere< 
less loud by covering the clock with a glass shade or an; 
similar body. — To march unobserved by the enemy the fee 
of the horses are sometimes wrapped in straw and rags, » 
as to check the propagation of sound. 



C. Phejwmena anting from the Reflection of Sound, 

§265. 

, When the waves of air on which sound is being borne, impinge 
^ the course of their expansion, on any objects by which theL 
^▼ance is stopped, the particles of air recoil from such objects 
'S'eeably to the laws regulating the impact of elastic bodie 
v§ 213.) ; their return is made with equal velocity and under ai 
^Qal but opposite angle, to that under which they advanced. 

To this subject are applicable the laws developed in § 227. 
as regulating the undulations of elastic fluids. 

§266. 

• If the wave of sound fall perpendicularly on the wall whence i 

^ Inflected, it returns in the same direction, and arrives again a 
*** spot from which it originated. 
If the place whence the sound arose is not far from that a 

T*iich the wave is reflected, as, for example, in a room, hall, oi 
^r^Ufch, it happens, in consequence of the velocity with whicl 
^^Ud travels, that the returning wave is generated immediately 

T^i* the original wave, and the ear becomes sensible of botl 
^Hiultaneously ; by this means the sound is both prolonged anc 
^<idered more loud ; it frequently also makes it difiicult to heai 
^Qrds and notes distinctly. 

.An Echo is produced when the ear is able to distinguish th< 

T^^nal sound from its reflexion : a good ear will perceive clearl] 
^^^^t 9 sounds in a second ; t. e, the sounds must succeed eacl 
»J^er at intervals of Jth of a second in order to be heard singly. 
^rj^C) sound and the echo are therefore to be regarded as successive 
^^ndfl, of which the latter will be plainly heard if it fall upon the 
^J|^ after that organ has formed a distinct perception of the former. 
A^ least distance at which this is possible will be that which the 
^^^^ of sound can traverse, so as to impinge on the resisting body 

?*^ tetam thenoe as a reflected wave in Jth of a second of time. 

^^^^ as Motmd, at its mean rate of 1 120 feet, ViW \xvi^ «S(Kra^. V) 
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